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ABSTRACT 
The methodology for this research study was specifically designed to investigate whether 
or not Kinesio® Tape would act as a barrier during a cryotherapy application. Previous research 
has concluded that certain dressings can act as a barrier and impede the decrease in temperature 
in the underlying tissue. However, the properties of Kinesio® Tape are supposed to mimic the 
properties of skin. The thickness of Kinesio® Tape is miniscule compared to other barriers such 
as a plaster cast or an ace bandage. Due to this property, there were no statistically significant 
results found in intramuscular tissue temperature change comparing the use of the tape 
application and no application. This research has provided evidence-based support that the use of 
cryotherapy over a Kinesio® Tape application will have no adverse effects. 
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CHAPTER 1. INTRODUCTION 
1.1. Overview of the Problem 
Kinesio® Tape is a modality that is becoming more popular in use for the athletic and 
medical settings.1-3 Kinesio® Tape is proposed to assist with the inhibition/facilitation of 
muscles, correction of fascial abnormalities, provide mechanical support, improve lymphatic 
drainage and circulation, and postural support.4 However, due to poor study designs, there is a 
lack of quantitative research to support the uses of the Kinesio® Tape. The properties of 
Kinesio® Tape are supposed to mimic the properties of skin; therefore, Dr. Kenzo Kase, the 
inventor of Kinesio® Tape, claims that it can be used in combination with cryotherapy.4 To date, 
after an extensive literature review, no research has been completed to support or refute this 
claim.  
Cryotherapy is the most common modality used for orthopedic injuries5 and acute 
management of musculoskeletal injuries.6 There are many factors that can alter the effectiveness 
of cryotherapy, one of which is barriers.7-10 Studies have provided evidence that different 
barriers, such as ace bandages and other casting materials, have adverse effects on the cooling 
properties that occur in the underlying intramuscular tissue temperature during a cryotherapy 
application. In addition, achieving desired intramuscular tissue temperatures required additional 
time with the cryotherapy application.7-10 
Treatments in the medical field are forever progressing. As new techniques emerge, it is 
important research follows suit. The goal of every medical professional is to provide the best 
care available, as determined by evidence-based research. Even though the quantitative effects of 
Kinesio Tape® are not consistent, its popularity continues to increase. Understanding how 
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Kinesio Tape® might affect cryotherapy will allow medical professionals to continue to provide 
optimal care for patients. 
1.2. Statement of Purpose 
The purpose of this study was to investigate the intramuscular tissue temperature change 
during a cryotherapy application that is applied over a Kinesio® Tape application. Because there 
are different methods of applying Kinesio® Tape, dependent upon the goal of the treatment, 
different widths were studied in order to provide conclusions to practitioners. This study also 
determined if the width of Kinesio® Tape would alter the change in the underlying intramuscular 
tissue temperature. After an extensive literature review, there is no research to quantify the 
effects Kinesio® Tape has on the change of intramuscular tissue temperature during a 
cryotherapy application.  
1.3. Research Questions 
The research questions that guided this study were:  
Q1: What is the impact of Kinesio® Tape application on the temperature of intramuscular 
tissue in the presence of a cryotherapy application? 
Q2: What is the impact of the width of Kinesio® Tape on the temperature of 
intramuscular tissue in the presence of a cryotherapy application? 
Q3: What is the difference in subjective reporting of participants’ discomfort with the 
application of cryotherapy with and without Kinesio® Tape applied? 
1.4. Dependent Variable 
The dependent variables in this study were the temperature recordings during the 20-
minute cryotherapy application.  
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1.5. Independent Variable 
The independent variable in this study was the application of Kinesio® Tape. 
1.6. Limitations 
The limitation in this study was the use healthy individuals with healthy tissue. 
Therefore, the results of this study may not be transferable to individuals who have injured 
tissue. In addition, the small sample size of 20 individuals is a limitation for making 
generalizations for all individuals. 
1.7. Delimitations 
The study was performed with a population consisting of males only using the dominant 
quadriceps.  There are multiple Kinesio® Tape applications which could have been investigated. 
A “Y” strip was chosen over an “I” strip because it is most commonly used on the quadriceps. 
There was also a seven-day window between the first and second session. During this time, the 
participants were asked not to vary from their current exercise program if they were currently 
partaking in one. Also, they were asked not to start a new workout regime during the duration of 
the study. However, the researchers were not able to control the amount of activity performed 
during the research timeframe. 
1.8. Significance of the Study 
Cryotherapy is the most commonly used modality for musculoskeletal injuries.11 In order 
for cryotherapy to be effective, there has to be a decrease in intramuscular tissue temperature.11 
There are many factors which influence the change in tissue temperature, such as barriers.7-10 
With Kinesio® Tape becoming more popular in health related fields, 1-3 undoubtedly it has been 
and will continue to be used in combination with cryotherapy. However, there have been no 
previous studies to support or refute the claims Dr. Kenzo Kase has made on Kinesio® Tape 
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acting as a barrier to intramuscular tissue temperature with the application of cryotherapy. The 
effects of barriers have been documented in the research,7-10 but Kinesio® Tape has not been 
researched as a potential barrier. 
1.9. Definitions 
Kinesio® Tape- A kinesthetic tape that mimics the thickness and flexibility of skin. It 
helps aid with muscle activation and force production, pain levels, aid the lymphatic system, 
improve circulation, increase range of motion, reduce delayed onset muscle soreness, and 
provide mechanical support.4  
Thermocouples- There are many different types of cryotherapy used in order to reduce 
the metabolic process: cold-water immersion, ice bag, gel pack, ice massage, or any other 
application of cold for the purpose of therapeutic effects.12 Measure intramuscular tissue 
temperature during various modalities.13 
Kinesio® Tape Facilitation Technique- This technique is applied along the muscle length 
starting at the origin and pulled towards the insertion. The ends of the tape act as anchors and are 
applied with no tension. The tape covering the treatment area is applied with 15-35% tension.4 
Cryotherapy- The purpose of a cryotherapy application is to decrease intramuscular tissue 
temperature.14 By doing so, the enzymatic response is delayed decreasing the chance of 
secondary injury to the uninjured tissue.15 Clinicians must be aware of the duration, amount of 
adipose tissue, type of cryotherapy, and anatomical location when applying an application. 
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CHAPTER 2. REVIEW OF LITERATURE 
The purpose of this literature review is to give background information on cryotherapy, 
Kinesio® Tape, and the use of thermocouples. Cryotherapy is most commonly applied for 
musculoskeletal injuries to help reduce pain, edema, nerve conduction and local blood flow. 
There are many factors that can influence the effects of cryotherapy. Parameters clinicians must 
consider are: duration of treatment, amount of adipose tissue and anatomical location, and mode 
of cryotherapy. Kinesio® Tape is a therapeutic tape used for musculoskeletal injuries. 
Commonly, it is used to facilitate or inhibit muscles. Personnel and authors at Kinesio Taping 
Association International (KTAI) claim that the application of Kinesio® Tape will not affect a 
cryotherapy treatment. To date, there is no published research investigating the effects of 
cryotherapy on intramuscular tissue temperature with a Kinesio® Tape application. 
2.1. Cryotherapy 
Cryotherapy is the most common modality used for orthopedic injuries5 and the acute 
management of musculoskeletal injuries.6 Cryotherapy is used to help reduce pain, edema, nerve 
conduction, and local blood flow.14 The primary use of cryotherapy is to reduce the metabolic 
process of an injured tissue in order to help the uninjured tissue survive the enzymatic reactions 
that occur with an injury.12 It is theorized that applying ice immediately is more beneficial than 
delaying the application.6 In addition, using techniques which cool the tissue more rapidly and 
produce lower temperatures are theorized of being more beneficial in slowing the metabolic 
process more effectively.6  
There are many factors which can affect the effectiveness of cold modalities: duration,6 
amount of adipose tissue and anatomical location,1 and type of cryotherapy used.6 Even though 
there have been no parameters set for time or intramuscular tissue temperature, most clinicians 
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apply cryotherapy for 20 to 30 minutes.11,12,14,16 However, a barrier between the ice and skin, 
such as a cast, splint, or tape, could require longer treatment applciations.7-10 There are many 
different types of cryotherapy used in order to reduce the metabolic process: cold-water 
immersion, ice bag, gel pack, ice massage, or any other application of cold for the purpose 
therapeutic effects.12   
2.1.1. Thermodynamics 
To understand how ice changes intramuscular temperature, one must understand 
thermodynamics. Heat is transferred in one direction only, high heat to low heat.6 Cold 
modalities do not transfer cold to the tissues but absorb the heat from the underlying tissues.6 In 
order to decrease intramuscular tissue temperature, the superficial epidermis must be cooled first; 
this will allow heat to be transferred out of intramuscular tissue and essentially decrease 
temperature.6  The transferring of heat depends on the mass, size of contact area, difference in 
starting temperatures, heat capacity, and the rewarming properties of the tissue through 
metabolic processes.6  
There are different types of heat transfer that occur with cold modalities: conduction, 
convection, evaporation, or a combination.6 Conduction is the absorption of heat from the 
underlying tissue due to direct contact such as using an ice bag.6 Convection is the use of water 
to absorb heat, such as a cold whirlpool. Evaporation is allowing the ice to change state from a 
solid to a liquid; this occurs in certain commercial products such as Wet-Ice.6 For the majority of 
cryotherapy applications, conduction is the reason for heat transfer. It is theorized that there 
would be a greater cooling effect from modalities which uses a combination of types of heat 
transfer and undergo a phase change (solid to liquid).6,14 However, skin temperature rapidly 
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drops in the first three minutes and will be at its minimum temperature around the nine minute 
mark no matter which application is used.12  
The process of cooling intramuscular tissue temperature is a linear pattern.15  Skin 
temperature is reduced the fastest and will reach a minimum temperature first. Superficial 
intramuscular tissue temperature cools slower than skin temperature but at a more rapid pace 
than deeper muscle tissues. Deeper tissues do not reach a minimum temperature until after the 
treatment time has concluded because heat from the deeper tissues is lost to the more superficial. 
If the duration of a cryotherapy application is too short, the deeper tissues may not receive any of 
the treatment. If the duration is too long, the superficial tissues are at risk for damage. Therefore, 
clinicians must be aware of how long an application should be applied to obtain the greatest 
effects without causing harm to the patient. 
2.1.2. Factors Affecting Ice: Duration 
The clinical standard for cryotherapy treatments ranges from 20 to 30 minutes. However, 
there is little published research supporting the time frame clinicians most often utilize for 
patients.3-6 Kuo et al17 performed a study comparing the change in skin temperature during a 10-
minute, 20-minute, and 30-minute cryotherapy application. The study was performed on a 
population that had sustained injuries either in an automobile accident or during activity. The 
extent of the injuries included sprains, strains, contusions, or hematomas. An ice bag (20 X 25 
cm) was filled either half way or two-thirds full depending on the size of injury. After the 
treatment time was complete, the skin temperature was recorded using a TES-1306 thermometer 
with a measurement range of -200°C to 760°C. The 10-minute group had a decrease of skin 
temperature of -9.22°C ± 4.38°C, the 20-minute group decreased -9.77°C ± 4.73°C, and the 30-
minute group was a change of -10.39°C ± 5.07°C. Even though a decrease of skin temperature 
 8 
was observed for each treatment time, none of them were significant when comparing the results 
to the pretest temperatures (P = .6055, P = 3.896, P = .1614, respectively). However, a 
significant difference was shown across time in each group (P < .0001).11 Even though the mean 
temperature change for 30 minutes was larger, it was not statistically significant (P > 0.05). 
When comparing different treatment times, this authors concluded that the duration of the ice 
application did not have a significant effect on the decrease of skin temperature.  
Duration is one component of a cryotherapy application that can help predict 
intramuscular tissue temperature change. Jutte et al11 investigated the best predictor of 
intramuscular tissue temperature change during a 30-minute cryotherapy application. The 
authors recruited 15 participants with skin fold measurements of the mid-thigh under 40 mm. 
Skin temperature was recorded using three surface thermocouples and a fourth thermocouple was 
inserted 2 cm below the adipose tissue. There was a three-minute pretreatment time to record 
baseline temperatures, followed by a 30-minute application time, and finishing with a 120-
minute rewarming time frame. Temperatures were recorded every 30 seconds for the duration of 
the study. Pearson’s product-moment correlations were developed for each variable and the 
change of intramuscular tissue temperature. Duration was found to have a Pearson’s r value of    
-.59 during the cryotherapy application and .76 during the rewarming period. Therefore, the 
duration of an application is the strongest predictor of intramuscular tissue temperature decrease. 
Clinicians should focus on duration of cryotherapy and time in-between treatments in order to 
provide the best evidence-based treatment to all patients. 
Due to the conflicting evidence in the literature, it is hard to generalize the optimal 
duration for a cryotherapy application. Kuo et al17 found no statistical significance when 
comparing intramuscular tissue temperature change between 10-minute, 20-minute, and 30-
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minute applications in contrast to researched published by Jutte et al,11 indicating tissue 
temperature could continue to decrease after 30 minutes of a cryotherapy application. One factor 
which the aforementioned researchers did not discuss was the role of adipose tissue and the 
potential for a lack of intramuscular tissue temperature decrease dependent upon the amount in 
each individual. 
2.1.3. Factors Affecting Ice: Adipose Tissue 
The literature has suggested adipose tissue affects the cooling of intermuscular 
tissues.5,11,16,18 Mryer et al18 investigated the relationship between the amount of overlying 
adipose tissue and intramuscular tissue temperature with a 20-minute ice bag application. Thirty 
healthy college students (12 females and 18 males) were placed into three groups based on 
skinfold measurements: 8 mm or less (group 1), 10-18 mm (group 2), and 20 mm or more (group 
3). Thermocouples were inserted at 1 cm and 3 cm below the adipose level. Baseline 
measurements were taken for three minutes followed by a 20-minute ice application, 
measurements were taken to the nearest 0.01°C every 10 seconds. Myrer et al18 found that there 
is an inverse relationship between adipose tissue amount, tissue temperature change, and the rate 
at which the temperature changes at 1 cm below adipose. Group 1 had a total change of 14.43°C 
temperature and a cooling rate of 0.72°C/min. Group 2 had a smaller temperature change of 
9.06°C, compared to group 1, with a rate of 0.45°C/min. Group 3 had a temperature change of 
5.00°C with a rate of 0.25°C/min. The intramuscular tissue temperature that had less overlying 
adipose tissue cooled at a much quicker rate compared to more adipose tissue; overlying adipose 
tissue has a larger effect on decreasing more superficial tissues. After a 20-minute application, 
the temperature decrease at 3 cm into the intramuscular tissue was 45% less than that at 1 cm. At 
3 cm, there were statistically significant decreases (P < .05) comparing group 1 to group 2 and 3. 
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This study supports that with less adipose tissue, there is a greater magnitude of cooling. Myrer 
et al18 supports that different amounts of adipose tissue can affect the cooling rate and magnitude 
of cooling of the underlying intramuscular tissue temperature. 
Similar to Myrer et al18, Otte et al16 found that with an increase in adipose tissue, there is 
an increase of treatment time to reach desired effects. Otte et al16 compared the amount of time it 
takes for tissue temperature to decrease 7°C for different amounts of adipose tissue: 0-10 mm, 
11-20 mm, 21-30 mm, and 31-40 mm. The researchers chose a 7°C decrease because it is a fairly 
typical effect, even though no optimal tissue temperature change has been discovered. Table 1 
offers the treatment times needed dependent on the amount of adipose tissue. These results refute 
the normal protocol of 20-30 minutes for an ice bag. The normal protocol would only include 
those with adipose tissue less than 30 mm.  
The scapula, deltoid, ulnar groove, midforearm, midthigh, medial aspect of the knee, 
midcalf, and lateral aspect of the ankle are some of the most popular anatomical locations for 
ice.5 Jutte et al.5 hypothesized sex, activity level, and treatment site would affect skinfold 
measurements. Three hundred eighty-nine college students (157 male Division I athletes, 39 
Female Division I athletes, 108 male recreational athletes, and 85 female recreational athletes) 
were recruited to participate in a study comparing skin fold measurements at the most popular 
anatomical areas for an ice application. Two trained investigators, who were not authors, 
performed three skinfold measurements at each location. Female athletes were found to have a 
higher skinfold measurement at the deltoid, midforearm, midthigh, medial aspect of the knee, 
and the midcalf compared to males.5 Recreational athletes were found to have higher skinfold 
measurements at the scapula, midforearm, midthigh, medial aspect of the knee, and the midcalf.5 
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It is important to consider sex, activity level, and anatomical location when applying cryotherapy 
due to the effects of adipose tissue on cryotherapy.5  
Myrer et al18 and Otte et al16 concluded that the amount of adipose tissue has an effect on 
intramuscular tissue temperature change during a cryotherapy treatment. Different anatomical 
positions have different amounts of adipose tissue.5 Gender and activity levels can play a role in 
the amount of adipose tissue present at anatomical locations that are more likely to have a 
cryotherapy application.5 When applying cryotherapy, clinicians need to be aware of not only the 
amount of adipose tissue underneath the application site, but also the type of ice.  
Table 1. Treatment Time Recommendations to Produce Typical Effects                                
in Most Patients 
Reference Skinfold Thickness Treatment Time 
Otte et al16 0-10 mm 12 minuets 
 11-20 mm 30 minutes 
 21-30 mm  40 minutes 
 31-40 mm 60 minutes 
 
2.1.4 Factors Affecting Ice: Type of Ice 
Various types of cryotherapy modalities are available to be used in the clinical setting.19 
Ice packs are used the most due to their effectiveness, convenience, low cost, and ease of 
transport.14 Ice packs are made by including cubed ice, crushed ice, or wetted ice.14 Dykstra et 
al14 compared crushed ice, wetted ice, and cubed ice with a 20-minute protocol using six males 
and six females. Each participant received each type of cryotherapy intervention with at least 
four days in between. Upon the completion of the cryotherapy protocol, wetted ice resulted in the 
greatest temperature decrease at the skin surface (17.0°C) and intramuscularly (6.0°C). Crushed 
ice caused a temperature decrease of 14.1°C at the skin surface and 4.8°C intramuscularly. 
Crushed ice influenced the smallest temperature changes, decreasing 15.0°C at the skin surface 
and 4.3°C intramuscularly. Even though the wetted ice produced a greater decrease at the skin 
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surface compared to cubed ice, the intramuscular tissue decrease was similar and no statistical 
significance was determined (P > .05). Wetted ice produced the greatest temperature decrease 
during a 20-minute application for skin surface and intramuscular tissue temperature, but cubed 
ice is just as effective for intramuscular tissue temperature. Therefore, clinically speaking, cubed 
ice is just as effective as wetted ice when the goal is to reduce intramuscular tissue temperature. 
Kanlayanaphotporn et al19 preformed a study comparing an ice pack, gel pack, frozen 
peas, and a mixture of alcohol and water (4:1 ration of water and 70% alcohol). Fifty women 
between the ages of 20 and 23 were recruited to participate in the study. Each participant 
completed a 20-minute application of each different mode of cryotherapy with a 24-hour window 
between each session. Skin temperature was recorded during the treatment time by a surface 
thermocouple probe that was taped onto the treatment area. The mean temperature for each 
participant before the ice pack was applied was 31.9°C to 32.1°C. The ice pack and water with 
alcohol mixture resulted in the greatest decrease in skin temperature. The skin temperate after the 
ice pack and alcohol was 10°C ± 3.5°C and 10°C ± 4.5°C respectively. Skin temperatures were 
13.9°C ± 4.1°C and 14.4°C ± 3.0°C after the gel pack and frozen peas. There were statically 
significant results for the decrease of skin temperature over time for each mode of cryotherapy 
(P < 0.001). However, when comparing the changes between the ice pack versus alcohol/water 
mixture and the frozen peas versus the gel pack, there were no statically significant results in 
skin temperature change (P > 0.05). Even though the ice pack and alcohol/water mixture 
produced the greatest temperature change, there was no statistical significance (P > 0.05) to 
conclude which one was more effective. The same results could be found when comparing the 
frozen peas and the gel pack. Each type of cryotherapy produced a decrease in skin temperature, 
but there was no one mode that was more effective than another.  
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Wet-Ice, a commercially made ice pack, and Flex-i-Cold, a commercially available 
frozen gel pack hasve also been compared to an ice bag made of crushed ice.6 Merrick et al6 
completed a study to compare the effects of Wet-Ice, Flex-i-Cold, and an ice bag had on surface 
and intramuscular tissue temperature change. Each patient received all three cryotherapy 
interventions for 30 minutes with a 48-hour window in between each intervention.6 Each patient 
had thermocouples on the skin surface, 1 cm subadipose, and 2 cm subadipose.6 Temperature 
measurements were taken every 30 seconds for the duration of the treatment.6 At each depth, 
there was a decrease in temperature observed by all three interventions.6 There were significant 
effects observed for the temperature changes at all three depths (P < 0.005) and with each type of  
cryotherapy modality (P < 0.005).6 At the skin surface and 1 cm subadipose, the ice bag and 
Wet-Ice produced colder temperatures than Flex-i-Wet, but there was no statistical significance 
(P > 0.05). Ice based cryotherapy product, such as ice bags and Wet-Ice, might be more efficient 
in lowering more superficial tissues. 
Different modes of cryotherapy can produce different temperature changes on various 
tissues depths. Table 2 represents the decrease in tissue temperature for different modes of 
cryotherapy. The negative numbers are representative of the decrease in tissue temperature from 
the baseline established in each study. Every type of cryotherapy produced a decrease in tissue 
temperature with some having a greater impact than others. Although there are no guidelines set 
for the optimal tissue temperature change, cryotherapy is still an effective treatment no matter 
what type is being used. 
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Table 2. The Decrease of Various Tissue Temperatures for Different  
Modes of Cryotherapy 
Mode Duration Measurement Results 
Dykstra et al14 
Wetted Ice 20 Minutes Intramuscular/Skin 
Surface 
Temperature 
-6°C/-17°C 
Cubed Ice 20 Minutes -4.8°C/-14.1°C 
Crushed Ice 20 Minutes -4.3°C/-15°C 
Kanlayanaphotporn et al19 
Ice Pack 20 Minutes Skin Surface 
Temperature 
-22°C 
Alcohol/Water 20 Minutes -22°C 
Gel Pack 20 Minutes -18°C 
Frozen Peas 20 Minutes -18°C 
Merrick et al6 
Ice Bag 30 Minutes Skin Surface/1cm/ 
2cm subadipose 
Temperature 
-25°C/-8°C/-5°C 
Wet Ice 30 Minutes -25°C/-8°C/-6°C 
Flex-i-Cold 30 Minutes -22°C/-6°C/-4°C 
 
2.1.5. Effects of Cryotherapy over Barriers 
Cryotherapy is often used with various compressive wraps, dressings, and bandages.7 
Tsang et al7 investigated the differences between applying an ice bag over a dry towel, a dry 
elastic wrap, and ice applied directly to the skin (control group). Nine university students 
received each protocol over a day span with 24 hours in-between each treatment session. Each 
participant had a 10-minute pretreatment to obtain a baseline of the skin temperature and a 20-
minute protocol for the treatment.7 The towel was a single layered 100% cotton and the dry 
elastic wrap was a 3 in MBM Econowrap. Pretreatment temperature measurements were 
recorded for each group: 31.19 ± 0.93°C for the towel group, 30.72 ± 1.86°C for the elastic wrap, 
and 31.52 ± 1.12°C for the control group. During the treatment, the towel group recorded a 
temperature of 23.84 ± 2.88°C, the elastic wrap 27.47 ± 2.36°C, and the control 12.50 ± 4.39°C. 
For each group, there were statistically significant decreases (P < .05) in skin temperature during 
the protocol. Even though the temperature decrease was not as large in the two groups with 
barriers compared to the control group, there was still a significant decrease. The results of the 
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study conclude that barriers do affect the reduction of skin tissue temperature in the underlying 
tissue.  
A dry washcloth, a damp washcloth, ace bandage, and a padded ace bandage can also be 
used at barriers. However, LaVelle et al8 found that a padded ace bandage does not allow for any 
temperature decrease in tissue temperature; therefore it was excluded from the results of the 
study. There was a 30-minute ice bag application applied over each barrier. Mean skin 
temperature decreases were calculated for each barrier: -11.3 ± 2.4°C for the dry washcloth,        
-18.7 ± 2.1°C for the wet wash cloth, -9.7 ± 2.5°C for the ace bandage, and -18.6 ± 2.3°C for no 
barrier. Even though some barriers had a greater effect on the decrease in skin temperature, each 
barrier had a statically significant decrease (P < .05) in skin temperature over time. The wet wash 
cloth was able to produce a decrease similar to no barrier. Certain barriers affect the decrease of 
the underlying tissue temperatures, but some, like a wet wash cloth, produces a decrease similar 
to not having barrier. 
Okcu et al9 and Weresh et al10 performed studies investigating  the effects on skin 
temperature of ice packs over plaster casts, synthetic casts, an ace wrap, and a Robert Jones 
bandage. Both studies concluded that skin temperature could be decreased over all barriers.9,10 
The plaster cast showed a decrease of 15°C and reached a minimum skin temperature of 
16°C.9,10 Okcu et al9 reported this temperature change after 30 minutes of application whereas 
Weresh et al10 reported the findings after 90 minutes of application. The synthetic cast had a 
decrease of 13⁰C and reached a minimum temperature of 17°C after 38 minutes.9 After 90 
minutes the synthetic cast produced a decrease of 4°C and reached a minimum temperature of 
18°C.10 The ace bandage produced a decrease of 9°C with a minimum temperature of 20°C after 
42 minutes9 but a 11°C decrease with a minimum temperature of 21°C after 90 minutes of an ice 
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pack application.10 The Robert Jones bandage produced the lowest temperature decrease of 8°C9 
and 5°C.10 The minimum temperature that the skin below the bandage was 22°C after 48 
minutes9 and 28°C after 90 minutes.10 The tissue under a barrier will have a decrease in 
temperature; however, the normal 20 to 30 minute application practiced by most clinicians will 
not allow for the greatest decrease in tissue temperature.  
The previous studies support the idea that the effects of cold can be transferred through 
barriers and change the surface temperature of skin.7-10 A damp wet cloth was shown to be best 
at decreasing skin temperature compared to other barriers.7,8 However, there was a decrease with 
each application over all the barriers.7-10 The barriers, however, may have led to an increase of 
treatment time for the cryotherapy application.7-10 One study even had to extend a couple of the 
treatment times because the temperature was still continuing to decrease after 30 minutes due to 
a slower cooling rate. Table 3 displays the decrease in tissue temperature underneath the barriers 
for the previous studies listed. The research has concluded that barriers alter the effectiveness of 
a cryotherapy application.  
Table 3. The Effects of Various Barriers on the Decrease of Tissue 
Temperature 
Mode Duration Measurement Results 
Tsang et al7 
Dry Towel 20 minutes Skin Surface 
Temperature 
-8°C 
Elastic Wrap 20 minutes -3°C 
No Barrier 20 minutes -19°C 
LaVelle et al8 
Dry Washcloth 20 minutes Skin Surface 
Temperature  
-11 ± 2.4°C 
Wet Washcloth 20 minutes -18.7 ± 2.1°C 
Ace Bandage 20 minutes -9.7 ± 2.5°C 
No barrier 20 minutes -18.6 ± 2.5°C 
Okcu et al9 
Plaster Cast 30 minutesa Skin Surface 
Temperature 
-15°C 
Synthetic Cast 30 minutesa -13°C 
Ace Wrap 30 minutesa -9°C 
Robert Jones 30 minutesa -8°C 
Weresh et al10 
Plaster Cast 90 minutes Skin Surface 
Temperature 
-15°C 
Synthetic Cast 90 minutes -4°C 
Ace Wrap 90 minutes -11°C 
Robert Jones 90 minutes -5°C 
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a Represents that some treatments were extended until a minimal temperature was reached 
2.1.6. Cryotherapy: Conclusion 
With very little information to support the parameters of cryotherapy, it is still one of the 
most commonly used modalities to treat pain, swelling, and musculoskeletal injuries. The most 
widely used application time of 20-30 minutes may be arbitrary based on existing, published 
literature. Otte et al16 concluded that depending on adipose tissue, some people might have to 
have a treatment time of up to 60 minutes. Adipose tissue may be a major limiting factor of the 
effectiveness of a cryotherapy application but there are other factors to consider. The type of ice 
and different barriers can affect the efficacy of cryotherapy as well. Barriers influence the 
amount of tissue cooling during a cryotherapy application.7-10 Barriers also increase the duration 
of applications in order to record results comparable to no barrier. All of these factors influence 
how effective the cryotherapy application will be at decreasing the underlying intramuscular 
tissue temperature. 
2.2. Thermocouples 
2.2.1. Introduction  
Thermocouples are used in research to measure tissue temperature during different 
modality applications.13 There is a lack of research which includes the technique of inserting 
thermocouples. Although there is no literature which describes the step-by-step procedures for 
inserting thermocouples, several publications have incorporated thermocouples as the instrument 
of choice when measuring intramuscular tissue temperature. 
2.2.2. Reliability and Validity  
The majority of validity and reliability tests for thermocouples have been performed 
using room temperature and not at temperatures that occur during different modality 
applications.13 Therefore, the results are not representative of the validity and reliability of 
 18 
thermocouples for intramuscular and modality temperatures. Long et al13 investigated the 
validity and reliability of three different types of thermocouples (PT-6, IT-18, and IT-21) in five 
different water bath temperatures (5°C for cryotherapy, 15°C, 18.4°C for room temperature, 
25°C, and 35°C for normal intramuscular tissue temperature). Three different electrothermeters 
were used in order to record the temperature readings of the thermocouples, (1) a 6-channel 
Data-logger with a temperature range of -250°C to 350°C, (2) a 16-channel Iso-Thermex with a 
temperature range of -50°C to 50°C (Iso -50:50), and (3) a 16-channel Iso-Thermex with a 
temperature range of -20°C to 80°C (Iso -20:80). Six thermocouples (2 of each type) were 
plugged into each electrothermometer. The thermocouples and a mercury thermometer were 
inserted into the different water temperatures for four minutes. The thermocouples took 
temperature measurements every 10 seconds and the mercury thermometer was read by the same 
investigator every 10 seconds for 4 minutes. This process was repeated for every water 
temperature. The thermocouples used with both the Iso-Thermex units were more valid than the 
Datalogger (p<.05). Refer to Table 4 for the validity and reliability for the Iso -50:50 unit. For 
this unit, the PT-6 thermocouples were more valid than the IT-18s and both thermocouple types 
were more valid than the IT-21s at every temperature (P < .001).  The PT-6 thermocouples were 
more reliable than the IT-21s at 5°C, 25°C, and 35°C (P < .001). The IT-18s were also more 
reliable than the IT-21s at 25°C and 35°C (P < .001.)  
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Table 4. Validity and Reliability of Thermocouple Types Across Different Water Bath    
Temperatures for the Iso -50:50a Electrothermometer (n = 162 Measurements)13 
  Thermocouple Typeb 
 Temperature, °C PT-6 IT-18 IT-21 
Absolute 
thermocouple-
mercury 
thermometer 
differences, mean 
(validity) ± SD 
5 0.13c ± 0.02 0.14 c ± 0.10 0.17 c ± 0.07 
15 0.12c ± 0.02 0.14 c ± 0.01 0.13 c ± 0.09 
18.4 0.12c ± 0.04 0.16 c ± 0.02 0.13 c ± 0.09 
25 0.05c ± 0.05 0.08 c ± 0.02 0.33 c ± 0.22 
35 0.06c ± 0.04 0.09 c ± 0.03 0.20 c ± 0.16 
Thermocouple 
Measurement 
reliability, mean ± 
SD 
5 4.87 ± 0.02 4.84 ± 0.10 4.94 ± 0.17d 
15 14.88 ± 0.02 14.85 ± 0.01 14.92 ± 0.13 
18.4 18.27 ± 0.04 18.24 ± 0.02 18.24 ± 0.14 
25 24.95 ± 0.05 24.92 ± 0.02 25.20 ± 0.34d,e 
35 34.94 ± 0.04 34.90 ± 0.03 35.01 ± 0.25d,e 
a Iso-Thermex calibrated from -50°C to 50°C (Columbus Instruments, Columbus, OH). 
b Physitemp Instruments Inc, Clifton, NJ. 
c Indicates PT-6 thermocouples were more valid than IT-18 thermocouples, and both PT-6 and 
IT-18 thermocouples were more valid than IT-21  thermocouples. 
d Indicates PT-6 thermocouples were more reliable than IT-21 thermocouples at 5°C, 25°C, and 
35°C. 
e Indicates IT-18 thermocouples were more reliable than IT-21 thermocouples at 25°C and 35°C. 
 
Table 5 displays the reliability and validity of the Iso -20:80. The thermocouples validity 
differed for each water bath temperature for this unit (P < 001). The IT-21s were less valid at 
35°C compared to the temperature readings at 15°C and 18.4°C (P < .05).  When comparing the 
three different types of thermocouples, the IT-21s at 35°C were less valid than the PT-6 at 15°C, 
18.4°C, 25°C, and 35°C and the IT-18s at 15°C, 18.4°C and 25°C (P < .05). The PT-6 and IT-18 
thermocouples were more reliable than the IT-21 thermocouples at 25°C and 35°C (P < .001).  
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Table 5. Validity and Reliability of Thermocouple Types Across Different Water Bath     
Temperatures for the Iso -20:80a Electrothermometer (n = 162 Measurements)13 
  Thermocouple Typeb 
 Temperature, °C PT-6 IT-18 IT-21 
Absolute 
thermocouple-
mercury 
thermometer 
differences, mean 
(validity) ± SD 
5 0.18 ± 0.02 0.16 ± 0.02 0.15 ± 0.05 
15 0.08c ± 0.02 0.11 c ± 0.02 0.03 ± 0.02d 
18.4 0.05c ± 0.02 0.12 c ± 0.02 0.02 ± 0.01d 
25 0.07c ± 0.04 0.03 c ± 0.02 0.71 ± 0.42 
35 0.11c ± 0.06 0.02 ± 0.02 0.10c,d ± 0.82 
Thermocouple 
Measurement 
reliability, mean 
± SD 
5 4.82 ± 0.02 4.84 ± 0.02 5.05 ± 0.15 
15 14.92 ± 0.02 14.89 ± 0.02 14.98 ± 0.03 
18.4 18.35 ± 0.03 18.28 ± 0.02 18.39 ± 0.02 
25 25.06 ± 0.05e 24.98 ± 0.03e 25.71 ± 0.42e 
35 35.11 ± 0.06e 34.99 ± 0.03e 36.02 ± 0.83e 
a Iso-Thermex calibrated from -20°C to 80°C (Columbus Instruments, Columbus, OH). 
b Physitemp Instruments Inc, Clifton, NJ. 
c Indicates IT-21 thermocouples were less valid at 35°C than PT-6 thermocouples at 15°C, 
18.4°C, 25°C, and 35°C and IT-18     thermocouples at  15°C, 18,4°C, and 25°C. 
d Indicates IT-21 thermocouples were less valid at 35°C than at 15°C and 18.4°C. 
e Indicates IT-21 thermocouples were less reliable at 25°C and 35°C than PT-6 thermocouples at 
25°C and 35°C and IT-18 thermocouples at 25°C and 35°C. 
 
Table 6 summarizes the validity and reliability of the Datalogger. The IT-21 
thermocouples at 35°C were less valid than the PT-6s and IT-21s at 18.4°C (P < .05). The IT-21s 
at 25°C and 35°C were also less valid than the IT-18s at 15°C and 18.4°C (P < .05). PT-6 
thermocouples at 25°C and IT-18 thermocouples at 25°C and 35°C were more reliable than the 
IT-21 thermocouples at the same temperatures (P < .001). The study concluded that the PT-6 and 
IT-18 thermocouples used with the two Iso-Thermex units had similar reliability and validity. 
The PT-6 thermocouples with the Datalogger were the least reliable and valid. There were also 
differences between the thermocouple type and temperature of the water. The PT-6 
thermocouples were more valid than the IT-21s in the coldest and the warmest water 
temperatures. However, the IT-21 thermocouples were more reliable and valid with temperatures 
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around body temperature (18.4°C). Therefore, they are most commonly used to record 
intramuscular tissue temperature. Different thermocouple types and electrothermometers have 
different reliabilities and validities. To ensure the most accurate results, reliability and validity 
measurements should be performed at temperatures similar to those during the experiment. The 
type of thermocouple and electrothermometer being used plays a factor in the reliability and 
validity of the temperatures being recorded.  
Table 6. Validity and Reliability of Thermocouple Types Across Different Water Bath   
Temperatures for the Dataloggera  (n = 162 Measurements)13 
  Thermocouple Typeb 
 Temperature, °C PT-6 IT-18 IT-21 
Absolute 
thermocouple-
mercury 
thermometer 
differences, 
mean (validity) 
± SD 
5 0.93 ± 0.04 0.87 ± 0.05 0.96 ± 0.16 
15 0.75 ± 0.05 0.69 c ± 0.03 0.82 ± 0.18 
18.4 0.71d ± 0.03 0.65 c,d ± 0.05 0.67 ± 0.10 
25 0.79 ± 0.02 0.79 ± 0.04 1.00c ± 0.20 
35 0.80 ± 0.15 0.80 ± 0.04 1.00c,d ± 0.82 
Thermocouple 
Measurement 
reliability, mean 
± SD 
5 5.93 ± 0.04 5.87 ± 0.05 5.95 ± 0.16 
15 15.75 ± 0.05 15.69 ± 0.03 15.81 ± 0.18 
18.4 19.11 ± 0.03 19.05 ± 0.05 19.07 ± 0.10 
25 25.79 ± 0.02e 25.79 ± 0.04e 26.00 ± 0.21e 
35 35.79 ± 0.15 35.80 ± 0.04e 36.00 ± 0.20 
a Commtest Instruments Ltd, Christchurch, NZ. 
b Physitemp Instruments Inc, Clifton, NJ. 
c Indicates IT-21 thermocouples were less valid at 25°C and 35°C than IT-18 thermocouples at 
15°C and 18.4°C. 
d Indicates IT-21 thermocouples were less valid at 35°C than PT-6 and IT-21 thermocouples at 
18.4°C. 
e Indicates IT-21 thermocouples were less reliable than PT-6 thermocouples at 25°C and IT-18 
thermocouples at 25°C and 35°C. 
 
Thermocouple leads are often too short to reach the electrothermometer and extension 
leads must be used.20 Jutte et al20 performed a two-part study to determine if extension leads or 
the temperature of the extension leads could alter the reliability and validity of thermocouples. 
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The first test compared the temperature measurements of 10 IT-21 thermocouples inserted 
directly into the Iso-Thermex (5) and IT-21 thermocouples inserted via extension leads (5). Each 
thermocouple was placed in a cooler of water (17.2°C) that sat in a room that was 18.1°C for 24 
hours before. A mercury thermometer was used to determine the temperature of the water and 
used to compare the results of the readings from the thermocouples.  Readings were taken every 
20 seconds for five minutes and recorded for two trials. For the second trial, the extension leads 
were switched and PT-6 and IT-21 thermocouples were used. The methodology was the same as 
previously mentioned but without the use of extension leads. During the data collection time, an 
ice bag was placed on the thermocouple lead to see if it would have any effect on the temperature 
readings. The collection time was also 10 minutes (2.5 minute pre-application, 5 minute ice 
application, 2.5 minute post application). It was found that the ice application did effect the 
validity of the temperature measurements (P = 0.001). However, extension leads did not 
influence the validity (P = .46) or the reliability (P = .10). 
2.2.3. Conclusion 
Thermocouples are used to measure intramuscular  tissue temperature during cryotherapy 
applications.13 However, there is very little published literature on the proper insertion technique 
and most do not describe the precise methodology. When inserting the thermocouples, it is 
important to ensure the treatment area and thermocouples are disinfected to reduce the risk of 
infection. Many factors go into the reliability and validity of thermocouples and the 
electrothermometers. Outside factors, such as putting ice on the thermocouple lead, can also 
affect the validity and reliability of the measurements.20 
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2.3. Kinesio® Tape 
Kinesio® Tape was developed by Dr. Kenzo Kase, a Japanese chiropractor, during the 
1970s.21,22 Popularity began to grow after its first public appearance in the 1988 Seoul Summer 
Olympic games.21 Kinesio® Tape became even more popular after the 2008 Beijing Summer 
Olympic games due to professional athletes playing while wearing it.21,23 Kinesio® Tape is a 
type of kinesthetic tape that mimics the thickness and flexibility of the skin, which limits the 
body’s sensory stimuli to the tape.1,4 The purpose of Kinesio® Tape is to aid muscle activation 
and force production,1,2 decrease pain levels,21-23 aid the lymphatic system,1,2,23 improve 
circulation,21,22 increase range of motion,2 reduce delayed onset muscle sorenss,21 and provide 
mechanical support1,2 without restricting movement by creating micro convolutions that lift the 
skin away from the tissue beneath.1 In order to achieve these goals, different types of strips can 
be applied, for example: a “Y” strip.4 The “Y” strip is the most commonly used method to help 
facilitate or inhibit a muscle.4 When it is applied from the insertion to the origin of the muscle it 
inhibits the muscle, and if it is applied from the origin to the insertion of a muscle it helps 
facilitates the muscle.2 When applying an application, the target tissue must be on a stretch; this 
will create convolutions to help blood flow and lymphatic systems.4  However, contradictory 
results have been concluded with pain reduction, muscle force, and changes in range of motion, 
and there is very little evidence to support the effectiveness and how Kinesio® Tape works due 
to poor study designs.2  
2.3.1. Uses of Kinesio® Tape: Musculoskeletal Facilitation 
Kinesio® Tape is often applied to inhibit or facilitate a muscle to assist muscles with 
optimal sarcomere length. Lumbroso et al 2 recruited 36 participants (21 females and 18 males) 
to compare the effects of Kinesio® Tape on range of motion and muscle force. The participants 
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either received a facilitation hamstring Kinesio® Tape application (n=18) or an inhibition of the 
gastrocnemius (tendon correction of the Achilles) Kinesio® Tape application (n=18). For the 
hamstring group, the participant was standing with forward trunk flexion. An “I” strip was 
applied starting at the ischial tuberosity and ending on the lateral aspect of the popliteal fossa. A 
second “I” strip was applied from the ischial tuberosity to the medial aspect of the popliteal 
fossa. The tape was applied with approximately 30% tension. To treat the Achilles Tendon and 
the subsequent muscle belly of the gastrocnemius, the foot was placed into dorsiflexion and the 
tape was applied starting at the base of the calcaneus with no tension as an anchor. The following 
portion of the tape was applied to the musculotendinous junction with a tension of 50-75%. After 
the junction, the tape was applied at a 15-25% tension until the end which had no tension 
applied. Both groups resulted in statically significant increases (P = 0.006) for range of motion, 
measured by goniometer, and for muscle force, measured using a Biodex (P < 0.001 for the 
gastrocnemius group and P < 0.028 for the hamstring group). Kinesio® Tape can help increase 
range of motion and muscle force in the lower extremities. Even though comparisons cannot be 
made between the groups, due to the two different application techniques, both techniques were 
effective in increasing range of motion and muscle force. 
Similar to the aforementioned study, Vered et al22 investigated the effects of a facilitation 
of biceps brachii had on peak force measure by a hand hand-held digital dynamometer. Kinesio® 
Tape was applied in one of four ways: distal-to-proximal, proximal-to-distal, two horizontal “I” 
strips applied across the muscle belly at 30% tension, or no tape. The distal-to-proximal 
application was a “Y” strip applied with 30% tension starting just distal to the radial tuberosity 
with the tails being applied around the muscle belly to the anterior aspect of the shoulder. The 
proximal-to-distal application was a “Y” strip applied with 30% tension starting with the two 
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tails at the anterior aspect of the shoulder. The tails were then applied around the muscle belly 
with the other anchor just distal to the radial tuberosity. Each participant performed a maximal 
contraction with each type of application. There was no statistical difference (P > 0.05) in force 
when comparing the proximal-to-distal, distal-to-proximal, and no tape. However, the two 
horizontal “I” strips produced statically significant higher muscle peak forces than no tape (P = 
0.003), proximal-to-distal group (P = 0.001), and distal-to-proximal group (P = 0.001). The 
study concluded that two horizontal “I” strips applied to the biceps brachii was more effective at 
increasing peak force compared to applying tape distal-to-proximal or proximal-to-distal. 
Although the researchers used the correct tension as described by Dr. Kenzo Kase, KTAI does 
not recognize the two horizontal I strips as an approved methodology. Further research should be 
conducted to understand the physiological changes of the muscle when the tape is applied across 
a muscle as opposed to a longitudinal application.  
2.3.2. Facilitation of Rectus Femoris 
Kinesio® Tape has also been studied to determine its role in preventing injuries. Aktas et 
al24 performed a study to determine if a knee brace or  Kinesio® Tape is more effective on 
muscular strength and functional performance to help reduce the prevalence of injuries. Twenty 
physically active, (11 females and 9 males) university students were recruited to participate. 
Each participant had both knees tested four times including a control, knee brace, Kinesio® 
Tape, and a knee brace with Kinesio® Tape. A “Y” strip was used for the application with the 
base starting at the anterior inferior iliac spine (AIIS) and ending just proximal of the patella.  
While the two tails were being applied to the medial and lateral border of the patella, the 
participants were instructed to fully flex their hip and knee. Another “Y” strip was used for a 
patellar mechanical correction. The base was applied to the lateral border of the patella and the 
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tails were applied at 50-75% tension to cover the superior and inferior borders of the patella. The 
participants were tested on isokinetic knee strength, vertical jump, and a one leg hop test. Males 
having Kinesio® Tape on their dominant leg and females with it on the non-dominant leg had 
significant increases (P = 0.007) in the one leg hop test compared to no Kinesio® Tape. There 
were significant increases in isokinetic strength between the control and the tape application (P = 
0.031) and also, the group with both the brace and tape (P = 0.041). However, there were no 
significant differences noted during the vertical jump (P > 0.05) even though isokinetic strength 
was increased. The researchers concluded that Kinesio® Tape improved muscle function which 
has the possibility to lead to a decrease of injury severity and prevalence. In summary, the 
application can aid in preventing an injury by helping support the knee musculature, encourage 
tissue heeling, and supporting knee muscle performance. 
Similar to Aktas et al,24 Vithoulka et al25 investigated the effect of Kinesio® Tape on the 
quadriceps muscle. Vithoulka et al25 used the same application technique as Aktas et al,24 but 
examined the effects it had on quadriceps strength, determined by isokinetic concentric-eccentric 
strength, as measure by a Biodex. There was no statistical significance (P > 0.05) difference in 
peak concentric strength due to the application. However, the application did lead to a 
statistically significant (P < 0.05) increase in peak eccentric torque. It can be concluded that a 
facilitation application of the rectus femoris can help increase eccentric strength. Increasing 
eccentric strength might help reduce the risk of injury because it allows the muscle to absorb 
more strength.26 
During walking, the quadriceps muscles play an important role on knee kinematics and 
kinetics. Guner et al27 compared the effects of an inhibition and a facilitation application of the 
quadriceps femoris had on knee kinematics and kinetics during walking. The facilitation 
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application was applied from the AIIS to the medial and lateral borders of the patella while the 
knee was in 60° of flexion. The participants walked 10 meters barefoot at a comfortable pace 
while wearing 16 reflective markers. Force plates were embedded in the middle of the walkway 
and the participants performed the walk at least five trials. A good trial was determined by the 
participant’s foot completely striking the force plate. Upon conclusion, the study determined that 
there were statistically significant (P < 0.05) increases with walking speed and stride length with 
a facilitation application when compared to no tape. However, contrary to Vithoulka et al,25 there 
was no statistical significance (P > 0.05) found with the difference between eccentric strength 
among groups.27  
2.3.3. Conclusion 
There are controversial results determining the effectiveness of Kinesio® Tape on the 
facilitation of muscles. Vithoulka et al25 concluded that a facilitation application can increase the 
eccentric strength of muscle, however research performed by Guner et al27 resulted in no 
increase in eccentric strength. As the popularity continues to increase, the proper application 
technique must be utilized in research methodologies in order for the uses to be effective. 
Kinesio® Tape has the ability to help the rehabilitation process of injured athletes with the 
proper application and guidance. Overall, Kinesio® Tape can be used to help decrease pain 
levels and increase muscular functionality. In the previous studies, Kinesio® Tape was used 
alone on different strength exercises. Further research needs to test the effects of Kinesio® Tape 
on every aspect of the rehabilitation aspect. Kinesio® Tape can help decrease muscular pain just 
like cryotherapy. With the increase of popularity for the use of Kinesio® Tape and with 
cryotherapy being the most commonly used modality, it is inevitable that the two will be used 
together. Barriers have been found to affect a cryotherapy application. However, after an 
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extensive literature review, there is no research if Kinesio® Tape acts as a barrier during a 
cryotherapy application. 
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CHAPTER 3. METHODOLOGY 
3.1. Purpose 
The purpose of this study was to determine if the application of Kinesio® Tape acts as a 
barrier to the effects of intramuscular tissue temperature change during a cryotherapy 
application. The study compared intramuscular tissue temperature change in the dominant 
quadriceps muscle with and without a Kinesio® Tape application. This chapter describes the 
population of the study, setting of the study, data collection instrumentation, procedures, and the 
data analysis. The research was guided by the following research questions: 
Q1: What is the impact of Kinesio® Tape application on the temperature of intramuscular 
tissue in the presence of a cryotherapy application? 
Q2: What is the impact of the width of Kinesio® tape on the temperature of 
intramuscular tissue in the presence of a cryotherapy application? 
Q3: What is the difference in subjective reporting of participants’ discomfort with the 
application of cryotherapy? 
The independent variable of the study was the Kinesio® Tape quadriceps facilitation 
application. The dependent variable was the temperature recordings from the cryotherapy 
application as measured by the Iso-Thermex electronic thermometer (Columbus Instruments, 
Columbus, OH 43204 U.S.A.).  
3.2. Participants  
A convenience sample of 20 males between the ages of 18 and 50 were recruited from 
email listserv and by word-of-mouth at North Dakota State University and the surrounding 
Fargo-Moorhead area. Participants were excluded from the study if they had any 
contraindications to cryotherapy: decreased sensation or blood flow over the area, Raynaud’s 
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phenomenon, cold urticaria, cryoglobulinemia, paroxysmal cold hemoglobinuria, angina 
pectoris, or any other severe heart condition. The previous cases are determined by having a 
previous reaction to cryotherapy or have been diagnosed by a doctor. Additional exclusion 
criteria included any contraindications for Kinesio® Tape, which included malignancy sites, 
cellulitis, skin infection, open wounds, Deep Vein Thrombosis, diabetes, kidney disease, 
congestive heart failure, coronary artery disease, or fragile skin.4 
3.3. Setting 
The research was conducted in the Research Laboratory in the Bentson Bunker Field 
House on the campus of North Dakota State University. The laboratory was used because the 
equipment (Kinesio® Tape, Terason t3200™ Diagnostic Ultrasound, and Iso Thermex unit) for 
this study are located at this site. The room is also temperature controlled during the summer 
months; therefore, any environmental influence would be eliminated.  
3.4. Equipment 
MetriCride® 28-Day High Level Disinfectant/Sterile solution (Cardinal Health) was used 
to sterilize the IT-21 one foot thermocouples (Physitemp Instruments, Clifton, NJ) for at least 12 
hours prior to insertion. The thermocouples were inserted 1 cm below the adipose tissue into the 
rectus femoris and vastus medialis oblique muscle bellies using a 20 gauge x 1.16-inch needle 
catheter (Cardinal Health). The thermocouples were attached to the Iso-Thermex electronic 
thermometer (Columbus Instruments, Columbus, OH 43204 U.S.A.). The electrothermometer 
has a temperature range of 0-50°C with an accuracy of ± 0.1°C.28 
Kinesio® Tex Tape is a latex-free tape made of 100% cotton and elastic fibers, which 
allows it to stretch up to 60% of its resting length.1-3,21,24,25,27 The thickness and weight of the 
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tape were developed to mimic the properties of skin. 1-3,21,24,25,27  The adhesive of Kinesio Tape® 
mimics the pattern of a fingerprint and is heat activated. 1-3,21,24,25,27   
In order to determine the musculotendinous junction and amount of adipose tissue present 
in each participant, the Terason t3200™ Diagnostic Ultrasound (MedCorp, LLC., Tampa, FL) 
and the 15L4 Linear transducer (4.0-15.0 MHz) (MedCorp, LLC., Tampa, FL) was used with 
Aquasonic® 100 ultrasound gel (Parker Laboratories, INC., Fairfield, NJ) as the coupling 
medium. The musculotendinous junction was in a different place on each participant; therefore, 
the process was performed for each participant. 
3.5. Procedures 
3.5.1. Thermocouple Insertion Guided by Diagnostic Ultrasound 
For this study, the thermocouples were inserted into the rectus femoris muscle belly just 
proximal to the musculotendinous junction and into the vastus medial oblique. The 
musculotendinous junction was determined by diagnostic ultrasound. After an extensive 
literature review, there are no studies reporting the proper protocol to insert themocouples. 
However, the researcher attended a 16-week course taught by an individual trained in 
thermocouple insertion. 
Diagnostic ultrasound was used in order to determine the location of the 
musculotendinous junction of the rectus femoris. The junction was marked using a Sharpie and a 
measuring tape was used to measure 2.5 cm proximal to the junction. This was used as the 
insertion point for the first thermocouple. The second thermocouple insertion site was the largest 
aspect of the vastus medialis oblique, as determined by the largest observable aspect of the 
muscle. Again, a Sharpie was used to make a mark representing the thermocouple insertion site.   
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The thermocouples were inserted 1 cm below the adipose tissue into the belly of the 
muscles. To determine the depth of the thermocouple, each thermocouple was laid down next to 
a ruler and a mark was made on the thermocouple representing the amount of adipose tissue plus 
1 cm. Another mark was made on the thermocouple at 5 cm to represent the farthest depth a 
thermocouple should be inserted. This also acts as a guide to the clinician to ensure the safety of 
each participant.  
Each thermocouple was soaked in a cleaning solution, Metricide, for at least 12 hours 
before being inserted into the quadriceps. The thermocouple was wiped using sterile gauze and 
isopropyl alcohol and wrapped in sterile gauze until inserted. The participants were asked to take 
two deep breaths and upon the exhale of the second breath, the 20 gauge 1.16-inch needle 
catheter was inserted into the muscle belly as marked by the Sharpie. The needle was retracted 
by a spring-loaded mechanism, leaving the catheter in the muscle belly. The thermocouple was 
then removed from the sterile gauze and inserted through the catheter to a depth of 1 cm below 
the adipose tissue as portrayed by the Sharpie mark on the thermocouple. Once the thermocouple 
was inserted to the appropriate depth, the catheter was removed and the thermocouple was 
stabilized and helped in place by the 1st and 2nd metacarpals of the clinician. Transparent surgical 
tape was applied over the thermocouple in order to ensure that it remained stable throughout the 
rest of the study. The thermocouple lead was taped to the back of the participant’s knee using 
Powerflex self-adhering tape and attached to the Iso-Thermex electronic electrothermometer 
(Columbus Instruments, Columbus OH). 
3.5.2. Kinesio® Tape 
The Kinesio® Tape application was a quadriceps facilitation application, performed by a 
Certified Kinesio® Tape Practitioner (CKTP). A “Y” strip with 15-35% tension was applied 
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over the rectus femoris and vastus medialis oblique.4,24,25,27 The tape started at the anterior 
inferior iliac spine with no tension. Tension was then applied as the tape was pulled inferiorly by 
the clinician. The tape split 2.5 cm past the musculotendinous junction as determined by the 
Sharpie mark on the skin as originally identified by diagnostic ultrasound. The two tails were 
placed on the medial and lateral aspects of the patella over the vastus lateralis and vastus 
medialis oblique. The application ended at the tibial tuberosity with no tension.4,24,25,27 
3.5.3. Cryotherapy  
Two cubed ice bags were the mode of cryotherapy for each session. Because there were 
two thermocouples, two ice bags were used to ensure that both muscle bellies were affected by 
the application. One ice bag was placed over the thermocouple inserted into the muscle belly of 
the rectus femoris, and the second ice bag was applied over the thermocouple in the vastus 
medialis oblique. A pillow was used to hold the second ice bag in place. Cubed ice was used 
because there is no statistical significance between different types of ice bags during a 20-minute 
application.14 A 20-minute application is the standard treatment time issued by clinicians.14 Also, 
there is no statistical difference between intramuscular tissue temperature change between 
different application durations.14   
3.6. Experimental Procedure 
3.6.1. Introduction 
Participants were recruited via email listserv and word-of-mouth at North Dakota State 
University and the surrounding Fargo-Moorhead area. The participants signed up for two, one-
hour time slots that were exactly one week apart. Once the participants were screened for 
exclusion criteria and agreed to participate in two separate treatment times, they were 
randomized into one of two groups. Half of the participants received cryotherapy on the rectus 
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femoris and vastus medialis oblique without Kinesio® Tape during the first session. The other 
half the participants had Kinesio® Tape applied prior to the cryotherapy application. Participants 
switched conditions during the second session.  At least 12 hours before each participant 
reported, the researcher placed the thermocouples in Metricide, a cleaning solution. Upon arrival, 
the participant completed an Informed Consent and Health History Questionnaire (HHQ).  
3.6.2. Methods Without Kinesio® Tape 
The participants were supine on a treatment table with their dominant quadriceps 
exposed. The dominant quadriceps muscle was determined by subjective reporting of the 
participants as the leg they would use to kick a ball. Diagnostic ultrasound was used to locate the 
musculotendinous junction. The diagnostic ultrasound unit was set to the knee function.29 The 
transducer was placed in short axis on the superior aspect of the patella.29 The quadriceps tendon 
was visible on the center of the screen with the vastus medialis oblique and vastus lateralis 
visible on either side of the tendon.29 The probe was slid anteriorly until the tendon faded away.29 
Once the tendon faded out of the screen the researcher deemed the anatomical location as the 
musculotendinous junction and used a measuring tape to measure 2.5 cm proximal to this point 
to act as the insertion point. The researcher then determined the amount of adipose tissue over 
the insertion point by freezing the screen and measuring from the skin to the most superior aspect 
of the muscle, using the caliper function. The amount of adipose tissue was recorded in 
centimeters. 
The patient was then asked to contract the quadriceps muscle and the largest observable 
aspect of the vastus medialis oblique was marked with a Sharpie to be the second thermocouple 
insertion point. The same process was repeated to determine the amount of adipose tissue as 
stated previously. The measurements were recorded into the same document as the previous 
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measurements. Once the measurements were recorded, the two thermocouple insertion sites were 
trimmed of excess hair and cleaned using Betadine and 70% isopropyl alcohol. The 
thermocouples were removed from the cleaning solution and prepped for insertion. 
Once the thermocouples had been removed from the cleaning solution, they were dried 
using sterile gauze. The thermocouple was placed next to a ruler and marked with a Sharpie at 
the depth of insertion. Because the thermocouple was inserted 1 cm below the adipose tissue, the 
amount of adipose must be added to 1 cm. For example, if there was .5 cm of adipose tissue, the 
thermocouple was marked at 1.5 cm in order to place the thermocouple 1 cm below the adipose 
tissue. Once the thermocouple was marked, it was cleaned with 70% isopropyl alcohol and 
wrapped in sterile gauze until it was time to insert. 
The participant was asked to take two deep breaths and upon the exhale of the second 
breath, the 20 gauge 1.16-inch needle catheter was inserted into the muscle belly, as marked by 
the Sharpie. The needle was retracted by a spring-loaded mechanism, leaving the catheter in the 
muscle belly. The thermocouple was then removed from the sterile gauze and inserted through 
the catheter to the depth portrayed by the Sharpie mark on the thermocouple. Once the 
thermocouple was inserted to the appropriate depth, the catheter was removed and the 
thermocouple was stabilized and helped in place by the 1st and 2nd metacarpals of the clinician. 
Transparent surgical tape was applied over the thermocouple in order to ensure that it remained 
stable throughout the rest of the study. The thermocouple lead was taped to the back of the 
participant’s knee using Powerflex self-adhering tape and attached to the Iso-Thermex electronic 
electrothermometer (Columbus Instruments, Columbus OH). This process was performed for the 
thermocouple in the rectus femoris and in the vastus medalis oblique. 
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Once the thermocouples were secured, baseline temperature readings were recorded 
every 30 seconds throughout a three-minute period.11 The average temperature for the three 
minute baseline was recorded. During the first three minutes, the clinician made two ice bags to 
cover both thermocouples. The ice bags were made with cubed ice because that was what was 
available at the location. The first ice bag (1 kg) was placed over the rectus femoris 
thermocouple. The second ice bag (0.5 kg) was placed over the vastus medialis oblique and a 
pillow was used to hold the ice bag in place. The application lasted 20 minutes with temperature 
recordings every 30 seconds as described by Merrick et al.6 The lowest temperature and total 
decrease in intramuscular tissue temperature was recorded and saved. 
Based on literature provided by other studies which included cryotherapy applications, 
the researcher asked participants to rate their discomfort from the cryotherapy application.2,11,30 
Using the Borg Scale of Perceived Pain, participants reported their pain on a scale from 0-10. 
The researcher recorded the verbal response during the following time frames: pre-thermocouple 
insertion, post-thermocouple insertion, immediately after the ice bag was applied, and at 1, 2, 4, 
6, 8, 10, 15, and 20 minutes. 
Upon the completion of the cryotherapy application, the thermocouples were removed 
and placed into a cleaning solution. The area was cleaned with alcohol and then Band-Aids were 
placed over the insertion sites in case of any bleeding that might occur. The participant then 
registered for another session exactly one week later. Acute wounds take five to 10 days to heal; 
therefore, a seven day window allowed the thermocouple insertion sited to completely heal 
before the second insertion.31  
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3.6.3. Methods with Kinesio® Tape 
The same protocol for the thermocouple insertion for the session without Kinesio® Tape 
was followed. The two insertion points were determined using diagnostic ultrasound and by the 
largest observable aspect of the vastus medialis oblique. Another mark was made 2.5 cm distal to 
the insertion point on the rectus femoris. The second mark represented where the Kinesio® Tape 
will split. The same process was used to determine the amount of adipose tissue over the 
insertion points and was recorded. The insertion process of the thermocouples was exactly the 
same as the first session. In order to have intra-rater reliability compared to the first session, the 
same clinician performed the procedure. The only difference in procedure was the application of 
Kinesio® Tape after the thermocouples were inserted and secured. 
Kinesio® Tape was applied by a CKTP. A quadriceps femoris facilitation application 
was conducted according to the Kinesio® Tape guidelines starting at the anterior inferior iliac 
spine with no tension.4,24 The tape was applied with a 15-35% tension through the treatment area, 
which was placed on a stretch by flexing the knee. The tape split 2.5 cm past the 
musculotendinous junction around the medial and lateral side of the patella.4 The application 
ended at the tibial tuberosity with no tension. The thermocouple insertion sites were just before 
the musculotendinous junction and the vastus medialis oblique. The application technique 
allowed the researcher to record temperature change under different widths of the Kinesio® 
Tape. Because the application was a “Y” strip, the first thermocouple was under the full width of 
the tape and the second thermocouple was under roughly one-half the width of Kinesio® Tape. 
Once the application was complete, the three-minute baseline recording began.  
The same three-minute baseline with a 20-minute application time was used. Again, the 
lowest temperature and total decrease of intramuscular tissue temperature was recorded for each 
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thermocouple. The same process occurred for the removal of the thermocouples. At the 
completion of this session, the participant received compensation for their time.  
3.7. Statistical Analysis 
Descriptive statistics (mean ± SD) were employed on all anthropometric data for each 
participant and each participant served as his own control. To determine if the Kinesio® Tape 
had an effect on the intramuscular tissue temperature changes, a one-way MANOVA was used 
with 40 temperature readings as the dependent variable and the tape application as the fixed 
factor. The research was also able to determine if the width of the tape, due to the type of 
Kinesio® Tape cut (e.g., “I-“versus “Y”- strip), by performing a one-way MANOVA using the 
temperature readings as the dependent variable and muscle location as the fixed factor. To 
determine if the tape had any effect on perceived pain, a one-way MANOVA with the pain scale 
was the dependent variable and the tape application as the fixed factor was used. 
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CHAPTER 4. MANUSCRIPT 
 
4.1. Abstract 
 
4.1.1. Context 
Cryotherapy is the most commonly used modality for managing musculoskeletal injuries. 
The effectiveness of a cryotherapy application is variable and there are many factors that affect 
the outcomes. One factor that can alter the effectiveness of cryotherapy on intramuscular 
temperature is a barrier (e.g., tape) placed between the skin and cryotherapy mechanism. 
Kinesio® Tape is commonly used in combination with cryotherapy; however, the effects of the 
tape on cryotherapy are poorly characterized. Research is warranted to investigate the claim by 
the manufacturer that Kinesio® Tape is not a barrier for cryotherapy treatment.  
4.1.2. Objective 
To compare intramuscular temperature change during a 20-minute cryotherapy session 
with and without Kinesio® Tape application.  
4.1.3. Design 
Randomized, within subject, experimental.  
4.1.4. Setting 
Laboratory at a research university.  
4.1.5. Subjects 
Twenty males (Age: 21.3 ± 2.83).  
4.1.6. Interventions 
Participants were asked to report for two separate sessions one week apart. Participants 
served as their own control and were randomized into two groups in which either Kinesio® Tape 
was applied during the first session or second session. The Kinesio® Tape was applied from the 
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origin to insertion of the rectus femoris and vastus medialis oblique (VMO) muscles to cover 
thermocouples inserted into each muscle belly. Two separate ice bags were placed over each 
thermocouple and temperature recordings of intramuscular tissue temperature 1 cm below the 
adipose tissue of the recuts femoris and VMO were recorded. Temperatures were recorded every 
30 seconds for a three-minute baseline prior to the cryotherapy application and over 20-minutes 
of treatment time.  
4.1.7. Main Outcome Measures 
Intramuscular tissue temperature change for the rectus femoris and vastus medialis 
oblique with and without Kinesio® Tape, perceived pain scale with and without Kinesio® Tape 
4.1.8. Results 
A one-way MANOVA revealed a nonsignificant effect for tape over the rectus femoris 
thermocouple, Wilks’ λ = 0.035, F (38, 1) = 0.730, P = 0.75, the VMO Wilks’ λ = 0.100, F (37, 
2) = 0.486, P = 0.858, and perceived pain, Wilks’ λ = 0.770, F (9, 30) = 0.997, P = 0.463.  
4.1.9 Conclusion 
Results indicate the application of Kinesio® Tape do not lead to a difference in 
intramuscular temperature recordings. Intramuscular temperature for each group fell over time, 
but the pattern between the groups was indistinguishable. This result lends credence to the claim 
that ice can be applied over Kinesio® Tape without substantial differences in cryotherapy 
effectiveness.  
4.2. Introduction 
Cryotherapy is the most common modality used to treat orthopedic injuries5 and the acute 
management of musculoskeletal injuries.6 Clinicians choose this particular modality to help 
reduce pain, edema, nerve conduction, and local blood flow.14 Ice reduces the metabolic process 
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of an injured tissue in order to help the uninjured tissue survive the enzymatic reactions that 
occur with an injury.12 There are many factors which can affect the effectiveness of cold 
modalities, including but not limited to: duration of treatment, amount of adipose tissue and 
anatomical location, and type of cryotherapy used.1, 6 A barrier between the ice and skin, such as 
a cast, splint, or tape require longer treatment applciations.7-10 
Cryotherapy is often used in combination with various compressive wraps, dressings, and 
bandages.7 Statistically significant decreases (P < .05) in surface temperature during a 20-minute 
cryotherapy application has been found with the use of barriers, but are not comparable to the 
surface temperature change that occurs without a barrier.7 Some barriers, such as a padded elastic 
bandage, are too thick to allow a cryotherapy application to have any effect on the underlying 
tissue.8 Even though intramuscular tissue temperatures under a barrier decrease, increased 
cryotherapy application time may be required in order to reach a clinically significant decrease in 
temperature change.7-10 The thickness of a barrier is the key factor in affecting the underlying 
tissue temperature change during a cryotherapy application. The thickness of tape used by 
medical professionals is much thinner compared to other barriers. Therefore, the intramuscular 
tissue under a tape application is hypothesized to have a greater decrease compared to tissue 
under a thicker barrier (i.e. cast or splint). After an extensive literature review, there is no 
specific research investigating the role tape has as a potential barrier to cryotherapy techniques. 
Kinesio® Tape is one type of tape which practitioners use for a wide variety of 
musculoskeletal conditions. The tape was specifically designed to mimic the thickness of the 
epidermis in order to limit the body’s sensory stimuli to the application. Based on the properties 
of the product, the creator of the tape has claimed a cryotherapy application (i.e. ice bag) can be 
placed over the tape without deleterious effects.4 However, this claim has been largely 
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unsubstantiated and needs further investigation prior to allied health care professionals using the 
combination of treatments to provide optimal care for athletes or patients. 
4.3. Methods 
4.3.1. Design 
The study was a randomized, within subject experimental design. The independent 
variable is the application of Kinesio® Tape and the dependent variables are the baseline 
temperature measurement and the temperature recordings taken every 30-seconds during the 20-
minute cryotherapy application. 
4.3.2. Participants 
Twenty males (age: 21.3 ± 2.83; height: 72 ± 2.64 in; weight 182.05 ± 23.246 lbs) 
participated in this IRB-approved research protocol. Participants were excluded if there were 
contraindications to cryotherapy (i.e. decreased sensation or blood flow over the area, Raynaud’s 
phenomenon, cold urticaria, cryoglobulinemia, paroxysmal cold hemoglobinuria, angina 
pectoris, or any other severe heart condition) or Kinesio® Tape (i.e. malignancy sites, cellulitis, 
skin infection, open wounds, Deep Vein Thrombosis, diabetes, kidney disease, congestive heart 
failure, coronary artery disease, or fragile skin). Participants were also excluded if there was 
more than 1.5 cm of adipose tissue as quantified by musculoskeletal diagnostic ultrasound or 
injury to the quadriceps within the previous six months. 
4.3.3. Procedures 
Each participant reported for two sessions exactly one week apart. The participants were 
randomly assigned to receive Kinesio® Tape either in the first or second session. The dominant 
leg of each participant was used by asking the participants to subjectively report the leg that they 
would use to kick a ball. Thermocouple insertion locations were then determined on the VMO, 
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as determined by the largest observable aspect of the muscle, and the rectus femoris, 2.5 cm 
proximal to the musculotendinous junction. In order to determine the insertion point of the rectus 
femoris, diagnostic ultrasound was used (Terason t3200™ Diagnostic Ultrasound, MedCorp, 
LLC., Tampa, FL). The transducer was placed in the long axis view and placed just anteriorly to 
the patella so that the tendon and patella were visible on the screen. The transducer was slid 
anteriorly along the tendon until the disappeared revealing the muscle belly. At this point, a mark 
was made using a Sharpie to represent the musculotendinous junction. A tape measure was then 
used to measure 2.5 cm anteriorly to the junction and marked using an “X” to act as the 
thermocouple insertion site. The VMO thermocouple insertion site was determined by asking the 
participant to flex his quadriceps. The largest observable aspect was marked by a Sharpie to act 
as the insertion point. See Figure 1 for the thermocouple insertion locations. Once both 
thermocouple insertion points were determined, the diagnostic ultrasound was used to determine 
if there were any abnormalities of the muscle and to measure the amount of adipose tissue 
underlying each thermocouple insertion point. To measure the amount of adipose tissue, the 
transducer was placed over the thermocouple insertion point and the screen was frozen. The 
caliper function was then used to measure the distance between most superior aspect of the 
muscle to the skin in centimeters. The amount of adipose tissue was used to calculate the 
accurate placement of the thermocouples 1 cm below the adipose tissue. 
Thermocouple preparation included a submersion in Metricide for a minimum of 12 
hours before insertion into the participants’ muscles. The thermocouple was wiped using sterile 
gauze and isopropyl alcohol and wrapped in sterile gauze until inserted. The participants were 
asked to take two deep breaths and upon the exhale of the second breath, the 20 gauge 1.16-inch 
needle catheter was inserted into the muscle bellies of the rectus femoris. The needle was 
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retracted by a spring-loaded mechanism, leaving the catheter in the muscle belly. The 
thermocouple was then removed from the sterile gauze and inserted through the catheter to a 
depth of 1 cm below the adipose tissue. Once the thermocouple was inserted to the appropriate 
depth, the catheter was removed and the thermocouple was stabilized. Transparent surgical tape 
was applied over the thermocouple in order to ensure that it remained stable throughout the rest 
of the study. The thermocouple lead was taped to the back of the participant’s knee using 
Powerflex self-adhering tape and attached to the Iso-Thermex electronic electrothermometer 
(Columbus Instruments, Columbus OH). The same process was used to insert the second 
thermocouple into the VMO. 
The Kinesio® Tape application condition consisted of a “Y” strip application over the 
quadriceps encompassing both thermocouple insertions sites (Figure 2). The tape started at the 
anterior inferior iliac spine with no tension. Tension (15-30%) was then applied as the tape was 
pulled inferiorly by the clinician. The quadriceps muscle was placed on a stretch by flexing the 
knee during the application. The tape was split 2.5 cm past the musculotendinous junction and 
the two tails were placed on the medial and lateral aspects of the patella over the vastus lateralis 
and vastus medialis oblique. The application ended at the tibial tuberosity with no tension.4,24,25,27 
A three-minute baseline was recorded to determine an initial tissue temperature without the 
cryotherapy application. After the three-minute baseline, a 1 kg and a 0.5 kg ice bag were placed 
over the rectus femoris and VMO respectively (Figure 3). Temperature recordings were taken 
every 30 seconds for 20 minutes for both sessions. Patients were asked to rate their perceived 
pain during the 20-minute cryotherapy session on a scale of 0-10 based on the Borg Scale of 
Perceived Pain.  
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Figure 1. Thermocouple Insertion  
Figure 2. Kinesio® Tape 
Application 
Figure 3. Ice Application 
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4.4. Statistical Analyses 
Descriptive statistics (mean ± SD) were employed on all anthropometric data for each 
participant. To determine if the Kinesio® Tape had an effect on the intramuscular tissue 
temperature changes, a one-way MANOVA was used with 40 temperature readings as the 
dependent variable and the tape application as the fixed factor. The research determined if the 
width of the tape, due to the type of Kinesio® Tape cut (e.g., “I-“versus “Y”- strip), by 
performing a one-way MANOVA using the temperature readings as the dependent variable and 
muscle location as the fixed factor. To determine if the tape had any effect on perceived pain, a 
one-way MANOVA with the pain scale was the dependent variable and the tape application as 
the fixed factor was used. 
4.5. Results 
Table 7 presents the means (±SD) of the anthropometric data for all participants, 
including age, height, weight, and amount of adipose tissue. The baseline mean temperature for 
the rectus femoris with a Kinesio® Tape application was 33.93 ± 1.22°C compared to 34.48 ± 
1.41°C without the tape application. Table 8 presents the mean temperature recordings of the 
rectus femoris over the 41 data collection points during the cryotherapy application. The baseline 
mean temperature for the VMO was 34.19 ± 1.24°C with a Kinesio® Tape application compared 
to 34.41 ± 1.37°C without the application. Table 9 presents the mean temperature recordings of 
the VMO over the 41 data collection points during the cryotherapy application. Overall, there 
was a 5.96 ± 2.17°C decrease in tissue temperature for the rectus femoris with the presence of 
Kinesio® Tape and a 5.94 ± 2.57°C decrease without the application. The VMO resulted in 
decreases of 4.00 ± 1.89°C with the presence of Kinesio® Tape and 4.41 ± 2.61°C without the 
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application. Table 10 presents the overall changes noted during the 20-minute cryotherapy 
application.  
A one-way MANOVA revealed a nonsignificant effect for tape over the rectus femoris, 
Wilks’ λ = 0.035, F (38, 1) = 0.730, P = 0.751. For the VMO, a nonsignificant effect was found 
for the tape as well, Wilks’ λ = .100, F (37, 2) = .486, P= .858. Due to the Kinesio® Tape 
application resulting in nonsignificant results, the width of the tape had no statistically significant 
effect on the underlying intramuscular tissue temperature change tape, Wilks’ λ = 0.42, F (38, 1) 
= .597, P = .796. Also, there was no statistically significant difference in perceived pain scale 
with or without the Kinesio® Tape application, Wilks’ λ = .770, F (9, 30) = .997, P = .463. Table 
11 presents the multivariate results for each one-way MANOVA in regards to temperature 
change for the rectus femoris and VMO, the effects of the width of Kinesio® Tape, and 
perceived pain scale.  
 
Table 7. Means (±SD) of Anthropometric Data 
 Mean SD 
Age (yrs.) 21.3 2.83 
Height (in.) 72.0 2.636 
Weight (lbs.) 182.05 23.246 
Adipose (cm) 0.30 0.22 
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Table 8. Means (±SD) of Tissue Temperature of Rectus     
Femoris 
 Tape No Tape 
Time (min) Mean SD Mean SD 
0.0 33.93 1.22 34.48 1.41 
0.5 33.92 1.24 34.42 1.41 
1.0 33.88 1.26 34.41 1.80 
1.5 33.79 1.33 34.43 1.30 
2.0 33.69 1.40 34.20 1.69 
2.5 33.68 1.38 34.14 1.64 
3.0 33.50 1.58 34.00 1.76 
3.5 33.32 1.68 33.86 1.89 
4.0 33.17 1.79 33.67 2.05 
4.5 32.95 1.84 33.51 2.16 
5.0 32.81 1.97 33.33 2.30 
5.5 32.62 2.07 33.15 2.40 
6.0 32.42 2.16 32.44 3.54 
6.5 32.22 2.21 32.79 2.62 
7.0 32.10 2.33 32.57 2.69 
7.5 31.86 2.40 32.43 2.82 
8.0 31.67 2.49 32.25 2.91 
8.5 31.49 2.56 32.07 2.99 
9.0 31.30 2.63 31.85 3.00 
9.5 31.12 2.71 31.73 3.11 
10.0 30.97 2.67 31.56 3.17 
10.5 30.47 2.82 31.37 3.24 
11.0 30.55 2.88 31.25 3.32 
11.5 30.36 2.92 31.16 3.30 
12.0 30.23 2.96 30.90 3.43 
12.5 30.02 3.03 30.74 3.47 
13.0 29.86 3.10 30.58 3.52 
13.5 29.67 3.13 30.42 3.57 
14.0 29.50 3.17 30.25 3.62 
14.5 29.38 3.20 30.12 3.64 
15.0 29.20 3.23 29.98 3.68 
15.5 29.10 3.25 29.82 3.72 
16.0 28.91 3.27 29.69 3.76 
16.5 28.82 3.28 29.56 3.79 
17.0 28.70 3.30 29.41 3.80 
17.5 28.56 3.31 29.27 3.82 
18.0 28.43 3.34 29.14 3.85 
18.5 28.30 3.36 29.01 3.86 
19.0 28.17 3.39 28.86 3.89 
19.5 28.06 3.40 28.72 3.91 
20.0 27.97 3.40 28.54 3.98 
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Table 9. Means (±SD) of Tissue Temperature of VMO  
 Tape No Tape 
Time (min) Mean SD Mean  SD 
0.0 34.27 1.24 34.41 1.37 
0.5 34.32 1.24 34.40 1.36 
1.0 34.25 1.31 34.37 1.37 
1.5 34.30 1.34 34.33 1.44 
2.0 34.30 1.44 34.26 1.52 
2.5 34.21 1.47 34.17 1.60 
3.0 34.09 1.49 33.99 1.70 
3.5 34.08 1.63 34.00 1.85 
4.0 33.98 1.73 33.90 1.97 
4.5 33.91 1.83 33.78 2.12 
5.0 33.75 1.93 33.66 2.25 
5.5 33.69 2.00 33.54 2.38 
6.0 33.59 2.10 33.41 2.49 
6.5 33.44 2.23 33.26 2.62 
7.0 33.35 2.30 33.16 2.72 
7.5 33.22 2.35 33.02 2.82 
8.0 33.11 2.41 32.90 2.92 
8.5 32.96 2.50 32.79 3.03 
9.0 32.84 2.61 32.63 3.12 
9.5 32.75 2.69 32.48 3.21 
10.0 32.67 2.78 32.45 3.40 
10.5 32.50 2.80 32.31 3.37 
11.0 32.37 2.88 32.04 3.45 
11.5 32.16 2.89 31.95 3.50 
12.0 32.14 2.99 31.84 3.55 
12.5 32.02 3.02 31.71 3.62 
13.0 31.88 3.07 31.60 3.67 
13.5 31.77 3.11 31.49 3.69 
14.0 31.65 3.13 31.24 3.70 
14.5 31.51 3.15 31.22 3.78 
15.0 31.43 3.19 31.10 3.82 
15.5 31.50 3.08 30.97 3.84 
16.0 31.42 3.08 30.87 3.87 
16.5 31.32 3.08 30.76 3.88 
17.0 31.20 3.07 30.66 3.89 
17.5 31.11 3.08 30.04 4.57 
18.0 31.00 3.10 30.93 4.46 
18.5 30.90 3.10 30.35 3.94 
19.0 30.39 3.11 30.21 3.97 
19.5 30.30 3.12 30.11 3.98 
20.0 30.19 3.13 30.01 3.98 
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Table 10. Mean (±SD) Overall Tissue Temperature  
Change 
 Tape No Tape 
Location Mean SD Mean SD 
Rectus  
Femoris 
5.96 2.17 5.94 2.57 
VMO 4.00 1.89 4.41 2.61 
 
Table 11. Multivariate Results  
 Wilks’ 
Lambda 
F-Value Hypothesis 
df 
Error df Sig. 
Rectus Femoris .035 .730 38.000 1.000 .751 
VMO .100 .486 37.000 2.000 .856 
Width of Tape 0.42 .597 38.000 1.000 .796 
Perceived Pain .770 .997 9.000 30.000 .230 
 
4.6. Discussion 
The purpose of this study was to determine the impact of Kinesio® Tape on tissue 
temperature changes and the paresthesia effects associated with cryotherapy. The optimal 
temperature decrease for an ideal healing process is uncharacterized in research, however, one 
study reported a decrease of 7°C is therapeutic.16  There are factors that have been investigated 
which can impede the underlying tissue from reaching a therapeutic level; these factors include, 
casting material,7-10 the amount of adipose tissue,5,11,16,18 and the mode of cryotherapy.6,14,19 
Studies have provided evidence that different barriers, such as ace bandages and other 
casting materials, have adverse effects on the cooling properties that occur in the underlying 
intramuscular tissue temperature during a cryotherapy application.7-11 Barriers obstruct the 
transfer of heat out of the muscles and into the cryotherapy application. Previous research has 
investigated the effect of a variety of different barriers such as a towel,7 elastic wrap,7 padded ace 
bandage,8 dry and damp washcloth,8 normal ace bandage,8,9,10 plaster cast,9,10 and a synthetic 
cast.9,10 Each study concluded that every barrier, except a padded ace bandage, allowed for a 
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decrease in the underlying tissue temperature. However, the temperature decreases were not as 
large as those recorded without a barrier during a 20 to 30-minute application. Therefore, the 
application of barriers impacts the healing process by creating a less than optimal environment to 
stimulate the normal cellular metabolic process. 
Some barriers are too thick to allow for an optimal decrease in tissue temperature; 
however, Kinesio® Tape was created with skin-like properties in order to nullify these effects. 
By comparing the tissue temperature change with and without an application, and by comparing 
perceived pain during the cryotherapy application, we were able to investigate the role Kinesio® 
Tape may have in preventing optimal tissue cooling. Contrary to other types of barriers, the 
temperature decreases associated with applying cryotherapy over Kinesio® Tape are comparable 
to temperatures without the tape. The participants reported, through a perceived pain scale, that 
the discomfort associated with cryotherapy was the same for both sessions. Therefore, the 
temperature changes and perceived pain scale support the claims that cryotherapy can be applied 
over Kinesio® Tape without affecting the physiological effects associated with cryotherapy.  
The effects of adipose tissue altering intramuscular tissue temperature change during 
cryotherapy is well documented in research.5,11,16,18 Adipose tissue decreases the rate at which 
the underlying tissue temperature decreases.5,11,16,18 Otte et al16 determined that different amounts 
of adipose tissue will affect the duration of application needed to reach a tissue temperature 
decrease of 7°C. Due to the amount of adipose tissue (0.33 ± 0.20 cm) of the participants in this 
research, a 30 to 60 minute application duration would have been needed to reach a decrease of 
7°C.16 Research has also determined that recreational athletes, such as the participants in this 
study, have a larger amount of adipose tissue in the thigh compared to an athletic population.5 In 
our study, each participant served as their own control to account for the effects of adipose tissue 
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on a cryotherapy application. Consistent with previous findings, we found the amount of adipose 
tissue impacted the level of tissue cooling; however, this had no effect on determining if 
Kinesio® Tape would act as a barrier to the cryotherapy application. 
Previous research has been unable to characterize a tissue temperature decrease that is 
optimal for the healing process to occur during a cryotherapy application due to inconsistencies 
in methodologies and results. Our research resulted in a 5.96 ± 2.17°C (Kinesio® Tape group) 
and a 5.94 ± 2.57°C tissue temperature decrease 1 cm subadipose in the rectus femoris, and a 
4.00 ± 1.89°C (Kinesio® Tape group) and a 4.41 ± 2.61°C tissue temperature decrease 1 cm 
subadipose in the VMO. Previous research has observed a temperature decrease of 7.85 ± 2.52°C 
at 1 cm subadipose in the thigh with a 30-minute application duration.6 However, the total 
amount of adipose tissue was not reported and a longer duration has been found to result in a 
larger decrease of tissue temperature.17 Myrer et al18 recorded a similar temperature decrease, 7.1 
± 4.1°C, 1 cm subadipose. However, the cryotherapy application was applied over the 
gastrocnemius not the thigh. Other aspects such as the size of the ice bag and the use of 
compression differed in each research methodology. Inconsistent methodologies do not allow 
comparisons to be made of tissue temperature decrease recoded in previous research. Therefore, 
an optimal tissue temperature decrease during cryotherapy cannot be characterized by research. 
Various types of cryotherapy modalities are applied in the clinical setting.19 Different 
types of cryotherapy affect the overall tissue temperature decrease observed in the underlying 
tissue.6,14,19 Research has shown that cubed ice produces a larger decrease in the underlying 
tissue compared to crushed ice during a 20-minute application.14 Cubed ice was used included in 
the methodology of this research because it is commonly available in a clinic setting. Each 
participant received the same size ice bag (1 kg over the rectus femoris and 0.5 kg over the 
 53 
VMO) in both sessions to increase the inter-rater reliability of the temperature changes. The type 
of ice being used was a factor explaining why the temperatures did not decrease 7°C and not a 
factor in determining if Kinesio® Tape would act as a barrier.  
There are various factors within the research that do not allow for the transferability of 
the results. The study was conducted on healthy individuals and healthy tissue; therefore, the 
results of this study may not be transferable to individuals who have injured tissue. Previous 
studies have also included healthy tissue in their research protocol in order to study the 
physiological effects on undamaged tissue in order to understand potential impacts on injured 
structures.2,22,23,25 To the knowledge of the researchers, this is the first study to determine if 
Kinesio® Tape acted as barrier during a cryotherapy application. Not only should research 
continue to test Kinesio® Tape but also other brands (e.g. Rock Tape, Mueller, etc.) because the 
results of this study may not be transferable due to a difference in properties.  
4.7. Conclusion  
Kinesio® Tape has become a tool for a variety of orthopedic objectives. The purpose of 
using the tape during rehabilitation is that the patient can go home with the application still 
applied and continue to have relief from pain or other symptoms. The manufacturer claims that 
patients and clinicians can apply cryotherapy over the application without any adverse effects. 
The results of this study provide support to this claim because there was no statistically 
significant difference found between tissue temperature change and perceived pain between 
groups. The effects of a cryotherapy application were not impeded due to the application of 
Kinesio® Tape. A clinician can now use Kinesio® Tape and cryotherapy in combination to help 
reduce symptoms knowing that there will be no impedance of the effects of a cryotherapy 
application.  
 54 
CHAPTER 5. DISCUSSION 
The purpose of this study was to determine if Kinesio® Tape would act as a barrier to 
intramuscular tissue temperature change during a cryotherapy application. A secondary purpose 
was to determine if different width of a Kinesio® Tape application would have different effects 
on intramuscular tissue temperature change. While not a primary goal of the research, the 
methodology included a perceived pain score from the cryotherapy application in order to 
compare differences between the treatment and control groups. Even though there is an increase 
in popularity of Kinesio® Tape,1-3 there is a lack of evidence-based quantitative research to 
determine its effects on intramuscular tissue temperature change during a cryotherapy 
application. The lack of research has left clinicians applying cryotherapy over Kinesio® Tape 
without understanding the physiological effects of the treatment.  
5.1. Research Findings 
The baseline mean temperature for the rectus femoris with a Kinesio® Tape application 
was 33.93 ± 1.22°C compared to 34.48 ± 1.41°C without the tape application. The VMO 
location the baseline mean temperature was 34.19 ± 1.24°C with a Kinesio® Tape application 
compared to 34.41 ± 1.37°C without the application. A one-way MANOVA revealed a 
nonsignificant effect for tape over the rectus femoris, Wilks’ λ = 0.035, F (38, 1) = 0.730, P = 
0.751. For the VMO, a nonsignificant effect was found for the tape as well, Wilks’ λ = .100, F 
(37, 2) = .486, P= .858. Considering presence of the tape was nonsignificant, there was no 
statistically significant difference between the width of tape, Wilks’ λ = 0.42, F (38, 1) = .597, P 
= .796. Also, there was no statistically significant difference in perceived pain scale with or 
without the Kinesio® Tape application, Wilks’ λ = .770, F (9, 30) = .997, P = .463. 
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5.2. Utilization for Athletic Trainers 
As treatment of care continues to progress toward newer techniques, evidence-based 
research is needed to help support the new techniques. There is a lack of evidenced-based 
research to support the many uses of Kinesio® Tape, but there is an abundance of anecdotal 
evidence. The same can be said about the use of cryotherapy and Kinesio® Tape in combination. 
The results of this study provide quantitative evidence which confirms previously 
unsubstantiated claims that cryotherapy could be applied over Kinesio® Tape with no ill effects 
on intramuscular tissue temperature. 
Kinesio® Tape was created to mimic the thickness of skin to reduce the body’s sensation 
to an application.4 By comparing the tissue temperature change with and without an application, 
and comparing perceived pain during the cryotherapy application, the researchers were able to 
test how similar the properties are to skin. Contrary to other types of barriers, the temperature 
decreases associated with applying cryotherapy over Kinesio® Tape are comparable to 
temperatures without the tape. The participants reported, through a perceived pain scale, that the 
discomfort associated with cryotherapy was the same for both sessions. Therefore, the 
temperature changes and perceived pain scale from this study support that the properties of 
Kinesio® Tape are similar to skin. The results provide evidence-based support that Kinesio® 
Tape is not a barrier to effects of a cryotherapy application when used in combination.  
5.3. Limitations 
This research contains limitations due to the numerous variables involved. One limitation 
was that the study was conducted on healthy individuals and healthy tissue. Therefore, the results 
of this study are not transferable to individuals who have injured tissue. Previous studies have 
also included healthy tissue in their research protocol in order to study the physiological effects 
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on undamaged tissue in order to understand potential impacts on injured structures.2,22,23,25 The 
type of application, facilitation of the quadriceps, is another limitation. A facilitation application 
is applied with a 15-35% stretch.4 The results of this study are not transferable to other types of 
Kinesio® Tape applications. To the knowledge of the researchers, this is the first study to 
determine if Kinesio® Tape acted as barrier during a cryotherapy application. Not only should 
research continue to test Kinesio® Tape but also other brands (e.g. Rock Tape, Mueller, etc.) 
because the results of this study cannot be transferable due to a difference in properties. The 
mode of cryotherapy, cubed ice, was another limitation of this research study. Other modes of 
cryotherapy (i.e. ice cup, crushed ice, wetted ice) have different cooling rates.6  
5.4. Future Research 
Future research should focus on the limitations within this study. To the knowledge of the 
researchers, this was the first study completed to determine if Kinesio® Tape would act as a 
barrier to a cryotherapy application. There are many different types of tape that mimic the 
properties of Kinesio® Tape, but are not exactly the same. Therefore, the results of this study 
cannot be generalized to the other brands. Future research should determine the effects of the 
other brands on cryotherapy and compare to the results of this study on Kinesio® Tape. 
5.5. Conclusions 
Kinesio® Tape has become a vital aspect of the rehabilitation process throughout the 
medical field. The purpose of using the tape during rehabilitation is that the patient can go home 
with the application still applied and continue to have relief from pain or other symptoms. The 
manufacturer claims that patients and clinicians can apply cryotherapy over the application 
without any adverse effects. The results of this study provide support to this claim because there 
was no statistically significant difference found between tissue temperature change and 
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perceived pain between groups. The effects of a cryotherapy application were not impeded due 
to the application of Kinesio® Tape. A clinician can now use Kinesio® Tape and cryotherapy in 
combination to help reduce symptoms knowing that there will be no impedance of the effects of 
a cryotherapy application.  
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APPENDIX A. NORTH DAKOTA STATE UNIVERISTY INSTITUTIONAL REVIEW 
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APPENDIX B. INFORMED CONSENT 
NDSU North Dakota State University 
  Department of Health, Nutrition, and Exercise Science 
  Bentson Bunker Field House 
  NDSU Dept. 2620 
  Fargo, ND 58108-6050 
  978.790.8218 
 
The Effects of a Kinesio® Tape Application on Intramuscular Tissue Temperature Change 
During a 20-Minute Cryotherapy Application  
 
This study is being conducted by: Michael McCrone, graduate student in the Post Professional 
Advanced Athletic Training Master’s Program at North Dakota State University, (701)-730-
6249, michael.mccrone@ndsu.edu and advisor Katie Lyman, Katie.lyman@ndsu.edu, (218)-443-
6446 
 
Why am I being asked to take part in this research study?  Because you are a male between 
the ages of 18-50 years old, you are invited to take part in this research. We are looking for 20 
participants. The study is trying to determine the effects Kinesio Tape® has on cryotherapy and 
not gender differences. Cryotherapy is the use of ice to help muscle soreness or injury. An 
example would be using an ice bag or frozen gel pack.  
 
You should not participate in this study if: 
 You have experienced a thigh injury within the last six months, or are currently injured. 
 Decreased sensation or blood flow to the thigh, 
 Any conditions related to exposure to cold, such as: 
o Raynaud’s phenomenon (a condition where extremities turn blue and are painful 
when exposed to cold) 
o Cold-induced hives, 
o Blood conditions related to cold exposure (e.g. cryoglobulinemia, paroxysmal 
cold hemoglobinuria), 
 Angina pectoris (chest pain, or any other sever heart condition, Deep Vein Thrombosis, 
Diabetes, Kidney disease, congestive heart failure, or coronary heart disease, 
 malignancy sites, cellulitis, skin infection, open wounds or fragile skin. 
 
You will also be excluded if you have more than 1.5 cm of adipose (fat) tissue 
 
What is the reason for doing the study? The reason for doing this study is to see if Kinesio® 
Tape will act as a barrier to temperature changes in the underlying a cryotherapy application. The 
use of Kinesio® Tape is becoming very popular and Dr. Kenzo Kase, the founder, claims that it 
will not affect a cryotherapy application. However, there is no research to back this claim. 
 
What will I be asked to do? You will be asked to come to room 14 in the Bentson Bunker 
Fieldhouse for 2 sessions and wear clothing that will allow for the quadriceps on your dominant 
leg to be exposed. You should not exercise 2 hours before your appointment. You will be split 
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into one of two groups, 1) receiving Kinesio Tape® on the first session or 2) receiving Kinesio 
Tape® during the second session. You will lie down on your back and 2 small dots will be made 
on your quadriceps using a Sharpie, the area around the dots will be cleaned with Betadine and 
isopropyl alcohol. A small needle will then be inserted into both of the dot marks and then 
quickly removed leaving a small catheter. Two small thermocouples will then be placed through 
the catheter into the muscle and then the catheter will be removed leaving the thermocouple in 
the quadriceps. Thermocouples are little thermometers that can be used to measure muscle tissue 
temperature. Once the thermocouples are secured in place you will have Kinesio® Tape applied 
depending on what group you are in and what session you are in. The tape will be applied from 
your hip to your knee. There will be a split in the tape about half way down your leg leaving two 
tails. The two tails will then be applied around the inside and outside of your knee. You will then 
be asked to lay as still as you can while two ice bags are placed on your leg for 20 minutes. 
During this time, you will be asked about how cold the ice bag feels. Upon completion, the 
thermocouples will be removed and you will be asked to sign up for a second session exactly one 
week later. At the end of the session additional ice will be made available if you feel sore. 
 
Where is the study going to take place, and how long will it take?  The study will take place 
on the North Dakota State University Campus. The study will be done in 2 sessions. Each 
session should take approximately one hour. The second session must be completed exactly one 
week of the first session.  
 
What are the risks and discomforts? It is not possible to identify all potential risks in research 
procedures, but we have taken reasonable safeguards to minimize any known risks.  There are 
four stages of discomfort with an ice bag application. You will feel coldness right away when the 
bag is applied, then the intensity of the cold will increase, then it will feel like “pins and needles” 
(the same feeling if your foot falls asleep), and finally, it will be numb. With the insertion of the 
thermocouple there is slight discomfort as a result of the needle catheter being inserted into the 
muscle and zero to minimal bleeding during the insertion of the thermocouple.  Individuals who 
have had this procedure performed on them have rated the discomfort between a 1-3 out of 10.  
There is the potential for residual soreness in the quadriceps that feels similar to the soreness 
after working out.  Rarely, slight bruising at the injection site may occur.  If soreness occurs, it 
typically lasts 12-24 hours after the procedure.  There is a small possibility of an infection at the 
needle catheter insertion site or allergic reaction to the betadine used to clean the area before 
insertion.  If an infection or reaction occurs (redness, swelling, warmth over the area), please 
contact Michael McCrone at 608-295-9988 or michael.mccrone@ndsu.edu or my advisor, Dr. 
Katie Lyman at Katie.lyman@ndsu.edu or (218)-443-6446. We will look at the site and refer you 
to the NDSU Student Health Services, if necessary. If you are a non-NDSU student, you will be 
referred to the hospital under the coverage of your personal insurance. If a severe allergic 
reaction occurs (rash, hives, tightness in the chest, difficulty breathing, swelling of the face, 
mouth, lip or tongue) 911 will be called and the investigator will monitor and provide any first 
responder care to the subject.  The researchers are Certified Athletic Trainers and certified in first 
aid and CPR/AED. If new findings develop during the course of this research which may change 
your willingness to participate, we will tell you about these findings. 
 
What are the benefits to me?  You are not expected to get any benefit from being in this 
research study.  
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What are the benefits to other people?  The information from this study will benefit healthcare 
providers who use Kinesio® Tape and the patients they serve.     
 
Do I have to take part in the study?  Your participation in this research is your choice.  If you 
decide to participate in the study, you may change your mind and stop participating at any time 
without penalty or loss of benefits to which you are already entitled. 
 
What will it cost me to participate?  There is no cost to you as the participant in this study. 
 
What are the alternatives to being in this research study? Instead of being in this research 
study, you can choose not to participate. 
 
Who will see the information that I give?  We will keep private all research records that 
identify you.  Your information will be combined with information from other people taking part 
in the study, we will write about the combined information that we have gathered.  You will not 
be identified in these written materials. We may publish the results of the study; however, we 
will keep your name and other identifying information private. We will make every effort to 
prevent anyone who is not on the research team from knowing that you gave us information, or 
what that information is.  For example, your name will be kept separate from your research 
records and these two things will be stored in different places under lock and key. If you 
withdraw before the research is over, your information will be retained in the research record or 
removed at your request, and we will not collect additional information about you.   
 
Can my taking part in the study end early? If you fail to show up to all sessions, you may be 
removed from the study. You may also request to be removed from the study.  
 
Will I receive any compensation for taking part in this study?  You will be compensated for 
your participation of the study. The total compensation for successfully completing the study will 
be $30. You will receive your compensation at the end of the second session. If you do not 
complete both sessions, you will not be compensated for your time. 
 
What happens if I am injured because of this research?   
If you receive an injury in the course of taking part in the research, you should contact Katie 
Lyman at the following phone number (218)-443-6446.  If needed, you may be referred for 
outside treatment at Student Health Services or your primary provider. Treatment for the injury 
will be available including first aid, emergency treatment and follow-up care as needed.  
Payment for this treatment must be provided by you and your third party payer (such as health 
insurance or Medicare).  This does not mean that you are releasing or waiving any legal right you 
might have against the researcher or NDSU as a result of your participation in this research. 
 
What if I have questions? 
Before you decide whether to accept this invitation to take part in the research study, please ask 
any questions that might come to mind now.  Later, if you have any questions about the study, 
you can contact the researchers: Michael McCrone at (608)-295-9988, or 
michael.mccrone@ndsu.edu; and Katie Lyman, Katie.lyman@ndsu.edu, (218)-443-6446.     
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What are my rights as a research participant? 
You have rights as a participant in research. If you have questions about your rights, or 
complaints about this research, you may talk to the researchers or contact the NDSU Human 
Research Protection Program by: 
 Telephone: 701.231.8995 or toll-free 1-855-800-6717 
 Email: ndsu.irb@ndsu.edu 
 Mail:  NDSU HRPP Office, NDSU Dept. 4000, PO Box 6050, Fargo, ND 58108-
6050. 
The role of the Human Research Protection Program is to see that your rights are protected in 
this research; more information about your rights can be found at: www.ndsu.edu/irb .   
 
Documentation of Informed Consent: 
You are freely making a decision whether to be in this research study.  Signing this form means 
that  
1. you have read and understood this consent form 
2. you have had your questions answered, and 
3. you have decided to be in the study. 
 
You will be given a copy of this consent form to keep. 
 
 
              
Your signature        Date 
 
 
         
Your printed name  
 
 
              
Signature of researcher explaining study      Date 
 
 
         
Printed name of researcher explaining study   
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